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MICRO-MINIATURIZATION POSSIBLE NOW! 





YES — FASTEST DIFFUSED SILICON MICRO-DIODES AVAILABLE. They 
combine advanced diffusion techniques with ex- 
tremely small size, to provide milli-micro-second 
switching speeds, excellent static, forward and 
inverse characteristics. 


YES — ONLY SERIES OF HIGH QUALITY MICRO-REGULATORS. Series 
of 8 diffused-silicon micro-regulators provides stable 
voltage regulation and reference sources previously 
found only in considerably larger devices. Excellent 
dynamic resistance characteristics. 


YES — BASIC FAMILY OF MULTI-PURPOSE MICRO-DIODES. Series of 
3 high quality diffused-silicon micro-diodes provides 
voltage ratings up to 200 volts, current rating up to 
50 milliamperes. May be considered for switching 
applications. Exceptional static, forward and inverse 
characteristics. 


YES — EVEN A MICRO-STABISTOR. 
This diffused-silicon stabistor is the micro-counter- 
part of Transitron’s universally-known SG-22. 


All of these new micro-diodes are COMPLETELY 
COMPATIBLE with present circuitry . . . provide 
the same excellent performance as larger Transitron 
diodes in 1/10th the space! Here is your chance to 
micro-miniaturize circuits TODAY! 
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tron 


electronic corporation e wakefield, massachusetts 


“Leadership aa Semiconductors”’ SEE YOUR LOCAL AUTHORIZED TRANSITRON DISTRIBUTOR FOR QUANTITIES FROM 1-939. 


VERY FAST SWITCHING MICRO-DIODE 


RECOVERY 
Ef @5MA TIME 
a 


FAST SWITCHING MICRO-DIODE 


RECOVERY 
Ef @ 20 MA TIME 







VOLTAGE POWER RATING 
@5MA @ 25°C 
5.1V 
6.2V 
9.1V 


DYNAMIC 
Er@1MA RESISTANCE 


For further information, 
write for Bulletins: 


PB-71A (High Conductance), PB-71B (Fast Switching), 
PB-71C (Very Fast Switching), PB-71D (Stabistor), 
PB-71E (Regulators); AN 1358A Application Notes. 









me ESV OL ee 


Circle 101 on Inquiry Card 









In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 

By changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 


nN 
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PRODUCT [INFORMATION 







N/D sound booth for analysis of electric motor 
noise, mounted on springs and constructed 
with non-parallel walls, assures manufacturers 
a scientific solution to electric motor noise 
problems. Motors are tested with special 
electronic sound evaluation equipment. 






How ®*% Minimizes Electric Moror No/se / 


bination that results in the quietest motor 
operation. That’s why you'll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 


If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. 
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Inmanco’ 
Standard and Special Electrical Insulations 
Produced in the Forms You Need 


Inmanco is the product name used to describe 
the electrical insulation materials made or fabri- 
cated by the INMANCO Division of Insulation 
Manufacturers Corporation. INMANCO stands for 
quality insulations made ready for customer use in 
their most convenient and economical form, size, 
and shape. 


Iwmanco has two factories which work to serve 
you, our customers. At Escanaba, Michigan, are 
made hard maple wood wedges, tapered wedges, and 
round dowels, and other products which can be 
made on woodworking machinery. At Chicago, Illi- 
nois, are fabricated thousands of other INMANCO 
electrical insulation parts from well-known nation- 
ally recognized brands of the highest quality elec- 
trical insulating materials. 


Inmanco products today are prominent in the 
IMC sales program. They are sufficiently impor- 
tant to be manufactured and fabricated by a sepa- 
rate division which is called the INMANCO Divi- 
sion of Insulation Manufacturers Corporation. The 
growth and expansion of these operations has 
made the separation from the IMC distribution 
activity a desirable and practical step. This is be- 
cause INMANCO operations now go well beyond 
their original function of providing IMC customers, 
in whatever form these users desired or preferred, 
the various electrical insulating materials which 
IMC handled as a distributor. Therefore, Products 
List No. 32 covers only INMANCO products 
which are manufactured or fabricated in the two 
INMANCO plants. 


Inmaneo’ 


INSULATION MANUFACTURERS CORPORATION 


565 West Washington Boulevard, Chicago 64, Illinois 
Branch Offices, Representatives, and Distributors in Principal Cities 
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When it comes to SEMICONDUCTORS 


For the most complete line of solid state devices... 


@ Westinghouse has perfected the widest selection of rectifiers, 
transistors, and special semiconductor devices available in the 
industry. In Silicon power rectifiers, Westinghouse is the 
acknowledged leader in the field. 


For the most dependable semiconductor devices... 


@ Every Westinghouse semiconductor device has been carefully 
designed, manufactured, and thoroughly tested to assure long life, high 
reliability, and excellent stability. 


For true voltage ratings in silicon power transistors... 


@ Only Westinghouse 2N1015 and 2N1016 silicon power transistors offer 

true voltage ratings, guaranteed by 100°, power testing—means they may be operated 
continuously at the Vcr listed provided the power dissipation of the transistor is 

not exceeded. Other conventional power transistors derate the Vcg voltage 

under comparable conditions. 


For new and unusual ideas in semiconductors... 


@ Westinghouse is constantly pioneering in exciting new 

semiconductor devices. Among the latest: a new 50 ampere “TRINISTOR’”’* 
controlled rectifier; new thermoelectric cooling devices; an extremely 

rapid and sensitive infrared detector. 


For quality, reliability, performance, and availability... 


@ Come to Westinghouse! For more 

information call your Westinghouse representative, 
or write directly to Westinghouse Electric 

Corp., Semiconductor Department, Youngwood, Pa. 


you CAN BE SURE...1F «sWesti nghouse 


*Westinghouse Trademark Westinghouse Semiconductor Department, 


Youngwood, Pa. 
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SMa Tae rev. | “Rtitctes | ORE eats et 


1N1217 SERIES 50-1000 v. | 500 MA @ 110°C. AMB. 15 AMPS. 1.5 MA@ 150°C. 
1N1227 SERIES 50-1000 V. 1.6 A @ 140°C. CASE 15 AMPS. JUNCTION 
ae 1N1341 SERIES 50-600 V. 6AG 160 AMPS. 
aaa von) 1N1199 SERIES 50-600 V. 12A@ 200 AMPS. 10 MA @ 190°C. 
RECT. a 1N1191 SERIES 50-600 V. 18A@ 220 AMPS. JUNCTION 
a 1N1183 SERIES 50-600 V. 35A@ 220 AMPS. 
1N1396 SERIES 50-500 V. 70AG 1200 AMPS. 30 MA @ 190°C. 


JUNCTION 


1N1660 SERIES 50-500 V. 160A @ 2000 AMPS. 40 MA @ 190°C. 
JUNCTION 


1N1670 SERIES 50-500 V. 240A @ 3000 AMPS. 50 MA 190°C. 
JUNCTION 


439 SERIES 50-600 V. 240A G@ 3000 AMPS. 


Typical Operation 


GERMANIUM TRANSISTORS 


AUDIO-PNP 
AUDIO-PNP 
AUDIO-PNP 
\F -PNP 
IF  -PNP 
iF  -PNP 


2N1015 SERIES—2 AMP. e ALPHA CUTOFF 
) .300 


2N1016 SERIES—5 AMP. c ALPHA CUTOFF 
c A .300 


AL LST reakover Geveree 
Ue ea @ laser, 


TYPICAL 
50-200 VOLTS 50-200 VOLTS 15-20 wu SEC. 


i Standard rectifier assemblies are available in oven of circuit 
RECTIFIER ok configurations, and are designed for either forced airor natural 
convection cooling with a wide range of ratings. Nickel-piated 


copper plates and other materials used in these assemblies 
ASSEMBLIES have been chosen to insure satisfactory performance in corro- | 
sive atmospheres and high ambient temperatures. 


. Two types are available in commercial quantities: WX814 
ki aod (2.5 oz.) and WX816 (3.0 oz.). Both types measure about an 
THER WaaaeE te jae an inch and a half square and will find immediate application in 
Pe 4 cooling germanium transistors, infrared detectors, optical sys- 
COOLING Hae — tems, mechanical and electric instruments, laboratory and 
ee portable medical equipment, and related fields where spot 

‘ cooling below ambient is necessary. 


Noise len Wave-length Time Constant, 
INFRARED na Type | Power oun anes Response. Microns » SEC. 


= TYPIC ; TYPICAL LIMIT 
DETECTORS : , B12 inate seceaiin: 0.1 0.2 MAX. 


The types listed are just a small sampling of the complete line which can be supplied in volume quantities for prompt deliveries, 
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In This issue 


Components, Electrical / Electronic Your Classification: 


Circuit Analysis 


»  Distributed-Parameter Networks 
For Microminiaturization 


The distributed R-C network as an extension of the range 
of lumpe d circuit ¢ leme nts is des ribed. General expressions 
for various 2- and 4-terminal networks, practical possibilities 


and some test results are discussed. 


Holm, Royal Radar Establishment, England 
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Testing Your Classification: 
Components 

Components, Electrical / Electronic 
Contact Devices 


Dry-Circuit Evaluation of 
Mechanical Connections 


\ summary of the causes of non-conduction in low-level 
electrical contacts and the results of environmental tests on 
two forms of mechanical-type connectors evaluated from a 
reliability standpoint in dry circuits encountered in defense 


electronic equipment 


Jerome W. Kaufman, Harold R. Sutton, Albert V. Balchaitis 
and William R. Matthias, Radio Corporation of America, 
Camden, NJ. 
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Control Your Classification: 
Systems and Servos 

Design Considerations 
Specifications and Standards 


Specification Standards Proposed 
For Flow-Control Servovalves 


lo establish meaningful communication between system de 
signers and servovalve manufacturers, a novel specification 
standard proposed within the AIEE emphasizes: rigorous 
definitions of terms, recommended contents for valve specifi- 
cations, and unambiguous test procedures. Essential features 
are presented here in digest form. 


Staff Report. 
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Materials, Mechanical /Structural Your Classification: 


Metals 
Materials, Electrical / Electronic 
Conductor Materials 


mn Copper and Copper Alloys— 
Their Properties and Design 
Applications 


The properties of copper and its alloys are related to the 
design needs of electronic equipment and systems. Applica- 
tions of materials to design parameters are developed in the 
text and accompanying tables. The effects of alloying elements 
on properties are explained and elevated temperature per 
formance is analyzed. Design applications include electron 
tubes, printed circuits, semiconductor devices and_ electro- 
mechanical parts. 


Harold E. Barkan, Associate Editor, EvecrricaL MANUFAC 
TURING. 
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Electrical Manufacturing 


Basic Science & Engineering Your Classification: 


Mathematics 
Computers 
Computer Design 


%  Legic—and Switching Circuits 


Logic, the ancient science of finding generalizations—and, 
ultimately, abstractions—by a system of orderly thinking, 
has in the past two decades become an essential design- 
engineering tool used in the synthesis of control circuitry. 
The postulates of Boolean algebra—containing the power- 
ful and simple principles of logic—are presented for the 
engineer who must find an optimum solution from many 
possible answers. 


Alice Mary Hilton, Associate Editor, EvecrricaL MANUFAC- 
TURING, 
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Components, Electrical /Electronic Your Classification: 


Magnetic Components 


Design of D-C Carrying Inductors 


Dimensional and other parameters of inductors carrying d-c 
are related analytically, giving certain geometrical propor- 
tionality constants. These relations can be put in graphic form 
for rapid design application. 


R. G. Luebben, Ryan Aeronautical Company, San Diego, 


Calif. 


Electrical Manufacturing 1960 April 180 3 pp 


ELECTRICAL MANUFACTURING 





e Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Ye Reprints available—see pages 216 and 228 


For your copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on postcard at end of book. 


Materials, Electrical /Electronic Your Classification: 


Conductor Materials 

Electrical Insulation and Dielectrics 
Components, Electrical/Electronic 

Wire and Cable 


Magnet Wire for Extreme 
Environments 


A summary of test results derived from several research 
contracts under sponsorship of military establishments in the 
United States and in England. Both wire insulation and 
conductors have been investigated under conditions of ultra- 
high temperatures (up to 600 C) and nuclear radiation. 
Particular stress has been laid on several structures using 
experimental types of conductor material. 


A. E. Javitz, Special Features Editor, Evectrica, MANUFAC- 
TURING. 
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Components, Electrical/Electronic 
Magnetic Components 
Storage Devices 

Instruments and Test Equipment 
Design 


Your Classification: 


% Magnetism Research Pushes New 
Engineering Developments — Il 


Conclusion of two-part report on the Fifth (1959) Annual 
AIEE Conference on Magnetism and Magnetic Materials. 
This half summarizes selected developments with computer 
elements and instrumentation devices. 


William Arrott, Associate Editor, ELectRicAL MANUFACTURING. 
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Components, Mechanical /Structural 
Drive Elements 

Drives 
Electrical 


Your Classification: 


Spring-Engaged Magnetic Clutches 


Recent developments and applications of the well-established 
spring-engaged clutch with magnetic release are described. 
Design features, performance characteristics and application 
circuits are included. 


Bernard E. Wrensch, Stearns Electric Corp., Milwaukee, Wis. 
Electrical Manufacturing 
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Components, Electrical/Electronic 
Magnetic Components 

Control 
Systems and Servos 


Your Classification: 


400-Cycle Magnetic Amplifiers 


A discussion of the various advantages and disadvantages 
obtained by the use of 400-cycle magnetic amplifiers instead 
of the standard 60-cycle in industrial control applications. 
The 400-cycle unit is lighter in weight, more stable, has 
higher gain and shorter time delay, but considerations in- 
volving the 400-cycle power supply source are important. 


R. Gackowski and L. F. Stringer, Westinghouse Electric Corp., 
Buffalo, N.Y. 
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Design Considerations 
Reliability 

Components, Electrical/Electronic 
Semiconductor Devices 


Your Classification: 


Transistors for High Reliability 


An analysis of the problem of attaining high reliability in 
transistors, both from the manufacturer’s and user’s view- 
point. Workmanship, design and application are the important 
factors and the cost of confidence must be paid for in many 
ways by both parties. 


C. H. Zierdt, Jr., General Electric Co., Syracuse, N.Y. 


COMING UP... 


The special May issue of ELectricAL MANUFACTURING is 
designed to complement the theme of the Fifth Design 
Engineering Conference—the application of developments 
in space and nuclear technologies to new products for the 
home and factory. The Science & Engineering insert will 
be on the subject of Molecular Engineering. Other articles 
are: Materials—Structural Plastics Molding Materials, Em- 
bedded Circuits in Missile Applications, Effects of High 
Temperature and Radiation on Magnetic Core Materials; 
Components—Low-Noise Motors, Materials and Techniques 
for Microminiaturization of Electronic Assemblies (Part 1), 
Selection of Instrument Ball Bearings, Thermoelectric 
Devices; Systems—Hot-Gas Servos, Digital Speed-Control 
Analysis, Application of Digital Computers in Product 
Design; 7 esting—Basic D-C Standards and Measurements. 





For each $1,000 you spend for fasteners, you're probably 
investing AN EXTRA $4,000* to install those same 
fasteners! Shakeproof has found the most effective way 
to reduce this major part of assembly cost. . . on-the- 
line engineering. 


In your plant, out on the line, a Shakeproof idea engineer 
carefully studies an assembly operation. By watching, 
asking and listening, he uncovers fastening problems or 
areas where product performance can be improved 
through improved fastening techniques. He then applies 
his specialized knowledge of fasteners and assembly 
methods to simplify and improve both the product and 
assembly operation. He might recommend one of the 
broad line of Shakeproof fasteners to solve the problem 
or to increase product efficiency. Or, if greater econo- 
mies and improved product performance can be 
achieved with a special-purpose fastener, he will design 
a Shakeproof product specifically for your application. 
In either case, the Shakeproof idea engineer will provide 


where it matters most! you with samples to use and test in your own plant. 
Arrange for a Shakeproof idea engineer to visit your 
plant soon. Discover how Shakeproof On-the-Line 
Engineering can help cut your fastening 
cost... where it matters most! 


SEND FOR THIS FREE BOOKLET "'On-the-Line 
Engineering" gives specific examples of time and 
money saving Shakeproof fastener applications and 
offers free samples. 


*Studies have shown that the cost 
of applying a fastener is more 
than four times the cost of the 
fastener itself. 


a SHAKEPROOF 


“FASTENING HEADQUARTERS''® 
DIVISION OF ILLINOIS TOOL WORKS 


St. Charles Road, Elgin, Illinois 
in Canada: Shakeproof/Fastex 
Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 


Look to Shakeproof—the Leader in Fastening. 
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THIS MONTH’S RESEARCH NOTES 


& Design of Missile Cables 


Nature! latex insulation (already used 
extensively in industrial control cables, 
signal cables and portable cords) finds 
a new application in missile circuits as 

develop- 

physical 
permit its 
walls of 


a result of research 


The 


properties of 


recent 


ments. electrical and 


rubber latex 
use in relatively thin 
der of 1/64 in. 
the 3/64 in. 


other 


the or- 
and 2/64 in.. 

1/64 in. 
Light 
factors are of 


as against 
and required in 


materials. weight is also 
Both 


importance — in 


achieved. prime 


missile applications 


since individual cables usually con- 
sist of a large number of conductors. 
Details were given in a paper by a 
Kaiser Aluminum = and 
Chemical Corporation, Bristol, Rhode 


Island (W. K. Priestley, E. J. D’Aquan- 


no and C, J. Tappero). 


group from 


One of the most important problems 
in the use of latex for missile cables 
against the 


sun- 


is to provide protection 


effects of such environments as 


by Avex. E. Javirz, Special Features Editor 


Progress in Wire and Cable Insulation— 
Eighth Annual Wire and Cable Symposium 


\ heavy attendance and a varied pro- 
gram. reflecting basic 
materials, processing and application 
techniques, marked the Eighth Annual 
Wire and Cable Symposium held De- 
1959 at Asbury Park, New 


progress in 


cember 1-3, 


light, ozone and oils when ordinary 
braids and cable jackets are not ade- 
quate. A special process was developed 
for bonding thin (approximately 3 mil) 
coatings of neoprene, PVC polyblends 
butadiene-high acrylonitrile lat- 
latex insulation 
resorting to adhesives or solvents. The 


and 
tices to the without 
bonding is accomplished by the use 
of one or more blend dips of the latex 
and the coating materials. 

\ typical missile cable construction 
(designed for the Thor) is shown in 
Fig. 1. All of the 84 conductors utilize 
composite insulation, 
rayon-braid coverings over insulation, 


latex-neoprene 


and spirally applied Mylar tape over 
the shields and under the 
chanical barrier braid. 
ture neoprene is used as the jacketing 
material. Cable is designed for heavy- 
duty portable and for the 
transmission of signal and control data 
at temperatures from —65 to +160 F. 


outer me- 


Low-tempera- 


service 


> Thermal Aging in Aircraft Wire and Cable 


Theoretical background, experimental 
program and experimental results of 
a study on the thermal behavior of 
aircraft wire and cable were presented 
L. Braneato and F. J. 


Naval Lab- 


study was sponsored by 


in a paper by E. 
Campbell. U.S. 
The 
the Electronic Technology 
Wright Air Development Division. Ob- 
jectives were these: 


Research 
oratory. 
Laboratory, 


a.establish a function evaluation 
procedure for determining thermal 
life of and cable 


insulation ; 


electrical wire 
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b. determine the feasibility of evalu- 
ating the deterioration of insulation 
resulting from thermal aging under 
conditions of cycling temperatures; 
and 

. establish a procedure for utilizing 

findings in the design of 

circuit breaker and/or protection 
for an distribution 
tem. 

Calculations for the study were 
based on the chemical reaction rate 
theory of the thermal deterioration of 
insulation. This is shown in the follow- 


these 


electrical 


SVS- 


Jersey, under sponsorship of the U.S. 
Army Signal Research and Develop- 
ment Laboratory. Several papers that 
report on some research phases of 
wire and cable design are summarized 


here: 


Approx 13/64 in 
ee ' ‘ reinforced 
Nom. 0.0. 2.108in. Arctic neoprene 

sheoth 


a, 
@)x 18 shielded 
X poir 

¢G No. |6 shielded 
\ poir 

Q No. !6 shielded 
WD) tripie 


Fig. 1— Eighty-four-conductor cable for 
the Thor missile using latex insulation. 


ONo 18 unshielded 
~ singles 


QNo.!6 unshielded 
~ singles 
ONo 18 shielded 
singles 


No.!6 shielded 
singles 


ing expression derived from the 


Arrhenius equation: 


L = Ae®" 
where 
L = hours of life to a specified 
endpoint while aging at a 
temperature T 
T = absolute or Kelvin 
temperature 
A and B = constants of the intercept 
and the slope, respectively 
e== base of the natural loga- 
rithm system 


scale 





Research 
Horizons 


Figure 2 shows a typical plot of the 
log of life vs the reciprocal of the ab- 
solute aging temperature. Life at any 
temperature can then be predicted by 
extrapolating the curve of the experi- 
mental data of life vs temperature 
following a regression analysis. The 
same curve can be used to predict the 
effects of temperature cycling on in- 
sulation life. This is a very practical 
consideration since in actual service 
cable frequently will be operating 
within a range of temperature owing 
to intermittent current loads and 
changing ambient conditions. 

The experimental program comprised 
three major phases: 


1. Functional analysis (actually an ac- 
celerated life test program). 
2. Statistical 


tained. 


analysis of results ob- 


> Polypropylene Insulation 

The potentials of polypropylene insul- 
ation for wire and cable were discussed 
by W. Paul Acton and Lawrence C. 
Petzold, Hercules Powder Company, 
in a paper that also reviewed applica- 
tion progress in linear polyethylene. 
One of the olefin groups, polypropy- 
lene, is in its useful form a crystalline, 
symmetrical polymer of the petroleum 
gas, propylene. Degrees of crystallinity 
will vary according to manufacturing 
processes. Lightest of all thermoplas- 
tics, polypropylene is highly resistant 
(both at 
temperatures ), 


to deformation under load 
normal and_ elevated 


has a melting point of approximately 


3. Test procedures (samples, prepara- 
tion, aging-stress cycle, end of life 
criteria ). 


The experimental results led to the 
following conclusions: 


1. Experimental data of life vs aging 
temperature, when. statistically 
treated, and the log of life vs the 
reciprocal of the absolute tempera- 
ture, when plotted on semi-log paper, 
will approximate a_ straight line 

which can be represented by the 

chemical rate equation. 

studies con- 

ducted on a representative magnet- 

wire insulation system indicate that 
reasonable estimates of service life 


Temperature cycling 


under varying temperature conditions 
can be obtained by applying the 
relative aging factor principle. 

From the life vs temperature curve 
a relative aging factor can be de- 
rived which can be applied to con- 
vert aging time at any given tem- 
perature on a relative amount of 
normal life consumed at a reference 
temperature. When the 
perature exposures occur in known 


high-tem- 


333 F, and a high flexural modulus. 
Outstanding is its resistance to environ- 
mental stress cracking. Typical of all 
polyolefins, electrical properties are 
high. 

The inherent high stiffness of poly- 
propylene limits its use to thin-walled 
insulation. (In such applications, how- 
ever, its other properties have been 
found superior to those of linear poly- 
ethylene.) Other limitations 
were noted: low-temperature flexibility 
is inferior to that of polyethylene — the 
brittle point is about 20 C. Con- 
ductor size affects this characteristic; 
the smaller the conductor, the lower 
the brittle point. The presence of cop- 


serious 


140 180 220 260 300 
Temperature, deg C 


reciprocal absolute - temperature scole) 


Fig. 2—A fictitious life vs temperature 
curve of an imaginary cable insulation 
plotted on special graph paper having a 
log scale on the ordinate and a reciprocal 
absolute temperature scale on the abscissa. 
The life at 105 C is 10,000 hr, and the 
slope constant, B, is 10,200. 


service cycles, it is possible to cal- 
culate the number of cycles of safe 
operation which can be expected of 
the cable. 


per has a very serious affect on the 
aging properties at elevated tempera- 
tures. The last limitation is the most 
troublesome barrier to practical appli- 
cations of polypropylene as wire and 
cable insulation, but with many re- 
search workers pursuing this problem, 
it is felt that a solution should be found 
before long. 

Among the promising applications 
are insulation in high-temperature-re- 
sistant coaxial cables. Polypropylene 
also seems to lend itself well to foamed 
insulation. High flexural modulus and 
excellent resilience contribute to good 
crush resistance. 


Pm Ethylene Copolymer for Stress-Cracking Resistance §=_— —@@—@———_______ 


Problems of environmental _ stress 
cracking are not new to polyethylene 
wire and cable insulation. It had been 
encountered with 
ethylene and also 


conventional _ poly- 
(despite improved 
thermal and strength properties) with 
the recently linear poly- 
ethylene. A new ethylene copolymer 
said to provide resistance to stress 
cracking was described by R. F. Craig, 
T. E. Branscum and P. J. Boeke, Phil- 
lips Chemical Company, Bartlesville, 
Oklahoma. The new copolymer linear 
resins (500 Series) have a nominal 
density of 0.95 compared to 0.96 for the 
original linear homopolymer resins 
made by Phillips. The lower density is 
the result of the copolymerization of 
ethylene with 1l-butene which results 


developed 
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Thermal Stress Cracking Test 
for Ethylene Copolymer at 160 F 


Hours to failure 


0.3 MLL. 
Copolymer 
resin* 


0.2 M.I. 0.96 
Density 
homopolymer 


+1000 — 


Per cent 
strain 


>1000 
> 1000 
> 1000 < 


> 1000 > 1000 


* Stabilized with 0.1 per cent Santonox. 
melt index, 


in a marked increase of flexibility, with 
only a slight drop in tensile strength 
and the softening temperature. Detailed 
data were cited, including the typical 
test results in the accompanying table. 


© Cellular Dielectrics 


Cellular polyethylene for telecommuni- 
cation cable has many established ad- 
vantages, particularly the fact that for 
a given set of electrical parameters, it 
is possible to reduce cable dimensions. 
On the other hand, extrusion of cellu- 
lar materials involves a number of 
production control problems. As _ re- 
ported by Riccardo Monelli, Pirelli, 
S.p.A., Milan, it has been possible, how- 
ever, to obtain regular and uniform 
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insulation dimensions in ex- 
perimental cables provided the insula- 
tion thickness exceeds 0.024 in. (0 

mm) and the ratio of insulation diam 
eter to conductor diameter is greate 


celiular 


than 2. The dielectric constant of the 
cellular polyethylene can be varied b 
controlling the degree of expansien 
from Italian and US 
sources, values have been obtained in 
the range 1.45 to 1.78. 

The structure of cellular 
ethylene obviously makes it susceptible 


Using compounds 


poly- 


to stress cracking. The Pirelli study in- 


dicates_ that special manufacturing 
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precautions and the use of thoroughly 
mixed high - molecular - weight 
pounds with a melt index of 0.7 or 
lower would be useful in reducing 
stress-cracking effects. 


com- 


The experimental work reported has 
been with the conventional high-pres- 
sure polyethylene, but further work is 
in progress with 
polyethylene. Preliminary investigation 
indicates that the linear polyethylene 
may exhibit better resistance to stress- 


low-pressure linear 


cracking. Further tests are necessary. 
however, to definitely confirm this in- 
dication. 


Micro-Notes .. . 


Extreme high-temperature applications 
of synthetic sapphires as bearings are 
being investigated in Air-Force-spon- 
sored friction and wear studies at Ar- 
mour Research Institute. Quartz, titani- 
um dioxide, spinel and boron carbide 
may also be evaluated. Atomic 
weight of silver has brand-new value 
as result of work at National Bureau 
of Standards; this value has important 
role in determining .atomic weights of 
other elements and values of other 


fundamental constants. 


Ferroelectricity and Ferrimagnetism in Same Material 


IN MANY NEW electronic components it is 
desirable to have the two properties of 
ferroelectricity and ferrimagnetism* mu- 
tually dependent. Similarly, it is sometimes 
useful to have a magne‘ic material with a 
high dielectric constant. A series of ma- 
terials possessing the two ordinarily dis 
parate qualities has been disco: ered by the 
National Bureau of Standards. The general- 
ized composition is a barium niobate con 
taining any one of several rare earths p'us 
sing!e-phase 


iron oxide and having a 


crystalline structure. 


e@ Engineers at the Bureau’s mineral! 
products laboratory, suspecting the exist 
ence of such a material, examined near'y 
90 dielectric 
one with both properties. Once the com 


compositions before finding 


position was discovered, other similar struc 
tures were tested by substituting other 
atoms at appropriate locations in the crys 
tal. Samples of the material are made by 
mixing the constituents, pressing the com 
bination into pellets, and firing until the 
materials sinter. The formula is (Ba, ,R.,,,) 
(Nb, Fe, oO i 
and x is either 0 or 1. The structure is 
described in terms of the tungsten-bronze 
structure. 


where R is a rare earth 


e@ Some of these compositions were made 


with the rare earths neodymium, samarium, 


* Ferrimagnetism, as distinguished from  ferromag 
netism, is the property of a material with only partial 
resultant magnetization because of the presence of 
anti-parallel magnetic spins 
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M 


(b) 


Magnetic (a) and dielectric (b) hystere- 
sis loops of barium-niobate compound. 


europium or gadolinium in one part of the 
structure and with varying amounts of iron 
in another part. All have shown both ferro 
electric and magnetic properties in a 
single-phase crystalline form. The presence 


of both the rare earth and the iron seems 
to be necessary for the material to show 
both properties simultaneously. The kind 
of rare earth used has a substantial effect 
on the Curie point. 


® Ordinarily, ferroelectrics have high di- 
electric permittivity and very small mag- 
netic permeability. Ferrimagnetics have 
high magnetic permeability and very small 
dielectric permittivity. The new material 
has both of these properties to an ap 
preciable extent. Ferroelectric properties 
have been confirmed by the presence of 
the dielectric hysteresis loop and the piezo 
electric resonance (see illustration). 


e There seems to be some correlation 
between the ferroelectric and magnetic 
properties. When the rare earth ion is 
Nd+3, both effects exist only below room 
temperature. On the other hand, with the 
rare earth ions Sm+*, Eut*, and Gd**, the 
materials show both properties above room 
temperature. However, when the rare earth 
ion is Lat®, neither ferroelectric nor ferri- 
magnetic effects were observed down to 
the temperature of liquid nitrogen. The 
ferroelectric coercive field shows a strong 
temperature dependence and large temper 
ature hysteresis. The magnetic coercive 
field is nearly 1000 oersteds. 


e Research is currently under way to 
provide quantitative data on the physical 
properties of these materials. This work 
will be extended to modify the composi- 
tions further by crystallographic substitu 
tions. —J.R.R. 


Effect of Human Factors in Development of an Automatic Mail-Sorting System 


A SERIES OF TESTS to estimate the economic 
feasibility of various mechanized post office 
mail-sorting systems was developed to 
provide research on human factors prob 
lems in the area of automatic mail sorting. 
Essentially, two sets of test parameters 
were evolved; use of skilled and unskilled 


typists as machine operators. 


e The tests utilized a keyboard similar 
to that of a typewriter. Addresses were put 
on an endless roll of paper and the test 
equipment was so rigged that a record of 
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the subject’s performance was recorded on 
a paper tape. The tape, in turn, would 
undergo simultaneous comparison with a 
tape bearing the correct coding of the 
sorting system. The coding station cou'd 
be operated in several modes. In one mode, 
the keyboard would lock if the operator 
struck the wrong key and could be un- 
locked only when a special key on the side 
of the keyboard was pressed. In another 
mode, the keyboard could be unlocked only 
by the supervisor. In still another mode, 
the operator would be unaware of any 


mistake but the mechanism would record 
the error. 


@ One set of subjects was a representa- 
tive sample of postal sorting clerks. These 
subjects were nontypists. Their training 
period for the tests included both typing 
and coding. The tests continued for twelve 
weeks to give the learning curves a chance 
to flatten out. A close correlation was found 
between the test performance of each sub- 
ject and the scores on preliminary aptitude 
tests given each subject. Ad ustments were 


il 





made in the group pertormance averages 
to reflect equal ability in each group. 


@ The same tests were run for another 
12-week period using typists as subjects. 
The first tests, by the randomly selected 
postal clerks, showed a significantly higher 
production rate for a shorter but highly 
sophisticated code over a simpler but 
longer code. The second test series, using 
typists, showed essentially equal rates for 
both codes. Thus, selection of the shorter 
code for the experimental initial installa 


tion was made 


@ The tests just described were for com 
parative purposes only to help make a 
selection of codes and coding personnel, 


A third test series using only the selected 
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code and the best postal personnel avail- 
able as subjects was designed to determine 
the improvement resulting from selected 
personnel and improved training. In the 
first two tests, there was no particular con- 
cern about error rates so long as errors 
were of the same order of magnitude for 
both code plans tested. In the third test, 
errors were of great concern. Errors were 
analyzed and_ classified according to 
whether they were typing errors or coding 
errors and according to whether they 
resulted in missent letters. Furthermore, 
coding errors were subdivided according to 
what coding rule or type of name con- 
tributed to the error. Possible modification 


of the code or code rules should be made 


to reduce the causes of errors, especially 
those that lead to missent mail. Each sub- 
ject was kept posted on what type of errors 
he was prone to make, so he could con- 
sciously work to avoid them. 


e Further tests will be made to develop 
realistic data on production rates and errot 
rates to be used in system planning. It had 
been intended originally to make these 
later tests on test equipment, but it is now 
planned to gather the desired data from 
observation of the initial installation undet 
true operating conditions. 


Acknowledgment: This note is ab- 
stracted from a paper by Martin C. Stark. 
National Bureau of Standards. H.E.B. 


Fluoride Electrical Insulating Coatings on Aluminum and Copper 


Wire INSULATION that can withstand an 
elevated temperature environment, almost 
to the melting point of the conductor, has 
been developed by Bell Laboratories. The 
insulation is a flexible, nonporous coating 
formed directly on the metallic conductor 
by exposure to oxidizing carriers of fluor- 
ine, such as hydrogen fluoride or elemental 
fluorine, at temperatures froin 300 to 600 
C. The process has already been successful 
on aluminum and copper, with every indi- 
cation of success on other metals. This note 
is a report on formation of electrically in- 
sulating coating on aluminum and copper. 


Aluminum 


The reactions of aluminum with fluorine 
proceed very readily above 475 C, up to 
the melting point of the metal. At 550 C 
and a flow rate of 4480 ce of fluorine per 
hr, surface reaction coatings of the tri- 
fluoride form to approximately 1 micron 
(10,000 A) thickness in from 5 to 10 min. 

The fluoride reaction coating is integrally 
bonded and strongly adherent to the alu- 
minum. The coatings, up to 5 microns 
thick, withstand repeated 90-deg flexing 
without visual flaking or crazing. The 
resistance of a l-micron coating measured 
at 25 C over a 0.05-sq in., 2-probe elec- 
trode area is approximately 10°° to 101! 
ohms. At 500 C, the resistance is above 
10° ohms. Dielectric constant of the coat- 


must retain high quality. Major properties 
of a reaction-coated 1100 series aluminum 
alloy are shown in the accompanying table. 


Copper 


Reaction films of interference-color thick 
nesses form readily in a fluorine atmos 
phere at 300 ¢ At 500 C, pink reaction 
coatings, identified as the difluoride, form 
to a thickness of 1 micron in approximately 
20 min under conditions similar to those of 
aluminum. The corresponding reaction 
with hydrogen fluoride, however, cannot 


be obtained much below the sublimation 


temperature (about 800 C) of the fluoride 
itself. 

The general properties of fluoridized 
copper, conductivity grade, are summarized 
in the accompanying table. The tendency 
of the unprotected fluoride to hydrolize on 
exposure to high humidity would at present 
limit the use of copper fluoride films to 
the inside of hermetically sealed containers 
providing a dry, inert atmosphere. 


S. S. FLASCHEN and P. D. GARN 
Bett TELEPHONE LABORATORIES, I N« 
Murray Hill, N. J. 


Properties of Fluoride Reaction Coatings for Aluminum and Copper 


Reaction coating 
Insulation resistance* 


2 ¢ 10" 


225C 
500 C 
Dielectric breakdown strength 
(1 micron coating) * 
25C 
500 C 


Aluminum | 


to 10'' ohms 


> 450 volts 
> 450 volts 


Copper 


| 


AIF | CuF, 


10'° to 10"! ohms 
~10° ohms 
10° ohms — 


250 volts 
conducting 


Chemical durability a. insolublet a. insoluble; hydrolyzes on 


prolonged exposure 


b. surface reacted to Al,O; | b. converts to CuO > 250 


> 500 C in air C in air 
c. melting point 1040 C melting point 950 C 
Hardness (mohs) ~4 mal 
Film flexibility excellent excellent 
—————— SSS 


*Electrical resistance and dielectric breakdown were measured by placing the coated metals between two 


ings is approximately 4.0 and dielectric 
breakdown strengths are in excess of 106 
volt/em, both at 25 and 500 C. The excel- 
lent physical and dielectric properties of 
the thin films indicate applications for 


miniaturized equipments operating at high 
temperatures where insulating properties 


spring-loaded contacts, %4-in. diam. The dielectric properties are therefore measured through 2 layers of 


the insulating films. 


tInert to boiling water following heating in air at 550 ( 
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The J. B. Whitehead Electrical Insulation Award—A Grass-Roots Approach 


THE ESTABLISHMENT of an AIEE award in 
the field of electrical insulation to honor 
the memory of Dr. J. B. Whitehead, one of 
the great figures in this field and a former 
president of the AIEE, was announced in 
Research Horizons in August 1959. Since 
then, new organizational plans for raising 
the necessary funds have been put into 
motion. Some $20,000 to $25,000 are needed 
by the AIEE to provide the necessary an- 
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nual cash yield to administer the Award. It 
is the purpose of the sponsors that this sum 
be raised primarily on a “grass-roots” basis 
in order that many engineers, chemists and 
physicists interested in the electrical in- 
sulation field may make personal contribu- 
tions. Joining the AIEE in sponsorship are 
the following organizations: ASTM; Con- 
ference on Electrical Insulation (NRC- 
NAS); Insulation Division, Electrochemi- 
cal Society; and NEMA. 


Contributions to the establishment of the 
Award should be sent to: Prof. F. Ham- 
burger, Jr., Treasurer, c/o Electrical Engi- 
neering Department, The Johns Hopkins 
University, Baltimore 18, Maryland. Checks 
should be made payable to the “J. B. 
Whitehead Award Fund.” Contributors may 
indicate to which of the organizations 
listed here credit should be given. 

A.E.J. 
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THE IBEA THAT GREW FOR 106 YEARS 


First practical diode for amplifier, shown here 
held by tweezers, was jointly developed by 
A. E. Bakanowski and A. Uhlir. 


At Bell Laboratories, M. Uenohara (left) adjusts his reactance amplifier, assisted by 
A. E. Bakanowski, who helped develop first suitable diode. Extremely low “noise” is 
achieved when certain diodes are cooled in liquid nitrogen. 
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How basic scientific ideas develop in the 
light of expanding knowledge is strikingly illus- 
trated by the development of Bell Laboratories’ 
new “parametric” or “reactance’’ amplifier. 


Over 100 years ago, scientists experiment- 
ing with vibrating strings observed that vibra- 
tions could be amplified by giving them a push 
at strategic moments, using properly synchro- 
nized tuning forks. This is done in much the 
same way a child on a swing “pumps” in new 
energy by shifting his center of gravity in step 
with his motion. 

At the turn of the century, scientists theo- 


rized that electrical vibrations, too, could be 
amplified by synchronously varying the react- 


ance of an inductor or capacitor. Later amplifiers 
were made to work on this principle but none 
at microwave frequencies. 


Then came the middle 50’s. Bell Telephone 
Laboratories scientists, by applying their new 
transistor technology, developed semiconduc- 
tor diodes of greatly improved capabilities. 
They determined theoretically how the electri- 
cal capacitance of these new diodes could be 
utilized to amplify at microwave frequencies. 
They created a new microwave amplifier with 
far less “noise” than conventional amplifiers. 


The new reactance amplifier has a busy 
future in the battle with “‘noise.” At present, 
it is being developed for applications in tropo- 
spheric transmission and radar. But it has 
many other possible applications, as well. It 
can be used, for instance, in the reception of 
signals reflected from satellites. It is still another 
example of the continuing efforts to improve 
your Bell System communications, 


BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Buffalo 
Type “BL” 
Ventilating Fan 


To Help You Select 
The Right FAN... 


IN DESIGNING A FAN INTO EQUIP- 
MENT are you considering the impor- 
tant factors beyond the original price of 
that fan? 


YOU KNOW that the equipment cannot 
function better than the fan whether 
the fan is for cooling the equipment, ex- 
hausting or supplying air. 


IT’S A FACT that fan costs are in direct 
proportion to efficiency, ease of mainte- 
nance and durability. 


Ir’S ALSO TRUE that if a fan has a 
lower price tag, something important 
has been left out of its design and its 
manufacture. 


Here are some features which you should 
have in the larger centrifugal fans you 
specify for important air moving jobs: 
1. The non-overloading character- 
istic, which makes it impossible 
to overload a Fan, regardless of 
system resistance. 
Directional inlet vanes, which 
spin the incoming air into the 
wheel in the direction in which 
it is traveling — reducing turbu- 
lence and stepping up efficiency. 
A completely smooth inlet into 
the wheel, made possible by the 
inlet bell and mating dished 
wheel flange, which provides the 
smoothest air ride and the qui- 
etest, most stable performance. 
4. Quality construction that insures 
years of trouble-free service. 
WRITE TODAY for Bulletin 104A for 
specifications on the Buffalo Type “BL” 
Fan. It more than meets the requirements 
listed above. Capacities from 1000 to 
500,000 cfm for almost every job requir- 
ing Classes I and II construction. 


BUFFALO FORGE 
COMPANY 
Buffalo Pumps Div. Buffalo, N. Y. 


Canadian Biower & Forge Co., Ltd. 
Kitchener, Ontario 


VENTILATING @ AIR CLEANING @ AIR TEMPERING 
INDUCED DRAFT @ EXHAUSTING e FORCED DRAFT 
COOLING @ HEATING e@ PRESSURE BLOWING 
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User’s Lament 


Mr. Design Engineer: After due proc- 
ess of design, test, revision, fabrivca- 
tion and manufacture, you have the 
product answer. With mixed joy and 
relief, the specifications for your work 
are met. This automated “whatsit” is 
going to accomplish tremendous things 
in cost reduction in your customer’s 
plant and it is never going to suffer 
fatigue from monotony. It will do just 
as it is told by punched tape or other 
input data. 

Now let the customer speak. The 
story begins when the new and com- 
plex machine is uncrated in our plant. 
Everyone is fascinated. The fear of 
inadequcy in coping with its complex- 
ity soon wears off. In brief order it is 
assembled and tested. The battle of 
man vs your complex machine begins. 
The machine is amazing. It acceller- 
ates, runs, counts, decellerates, stops, 
and performs a whole series of opera- 
tions automatically. It requires little 


Department of 


We have suddenly begun to speculate 
soberly and somberly on the pictorial 
image of miniaturization as_ reflected 
in the publicity photographs that pass 
over our desk. We concede unreserved- 
ly that such speculation has no practi- 
cal purpose, but we are fascinated by 
the succession of what may be called 
pictorial clichés. 

In the early (and now sere) days of 
miniaturization, every publicity photo- 
graph showed a “tiny, revolutionary” 
electronic component resting snugly 
next to a cigarette. There is also a 
memory of a _ succession of huge, 
hirsute (and manly) hands nestling 
some miniscule resistor or tube. And 
for a while we had matchbook after 
matchbook as the pictorial yardstick 
and this was followed by the single 
match. Likewise, many a bright dime 
(thin or otherwise) performed its as- 
signed role in the march of progress. 

But we are now in a more sophisti- 
cated age of microminiaturization, not 
to mention micromicrominiaturization, 
and the old paraphernalia are now no 
longer in style. Today’s pictorial cliché 
is the hitherto humble paper clip. Pub- 


Plus or Minus 


Random Comments of the Editors and Readers 


thought, effort, and skill to operate. It 
broadens our capabilities—doing new, 
more complicated, faster, and better 
work. It is exhilarating! This is pro- 
gress! Its high initial cost will, in 
short order, be paid for by its own 
utility. In no time at all we take its 
operation for granted; we rarely give 
it another thought; it becomes an ac- 
cepted part of our shop. We use it, we 
rely on it, we need it. 

Then there arises a crisis! The ma- 
chine does not function properly. We 
have required only semi-skilled opera- 
tors. Where can we find the skill for 
prompt repair? Should we have gen- 
erated it ourselves with a_ training 
program? Can we approach the skill 
available from the designer or his 
plant? No, the skill is at your plant. 
but time is of the essence. Dollar-con- 
suming time will be lost in isolating 
the difficulty and securing and _in- 
stalling a replacement part or as- 
sembly, and/or making a required ad- 

(Continued on page 16) 


Futile Speculation 


licity photo after photo shows our 
brave new world of transistors, tunnel 
diodes, etc., cuddled happily and well- 
nigh invisibly within the chaste pe- 
riphery of the clip. In fact, today’s age 
of science and technology may perhaps 
be symbolized by the appellation “The 
Age of the Paper Clip!” 

But what of the future? Will not 
the clip become mastodonic in rela- 
tion to our proliferating sub-molecule- 
sized devices? Already emerging on 
the scene as the new pictorial darling 
of the publicity men is the common 
pin. Soon, it may be merely the head 
of the pin with a brave array of mo- 
lecular devices assembled thereon. We 
will thus come back full circle to the 
old-fashioned county-fair “miracle man” 
who could engrave all of the 
Lord’s Prayer on the head of a pin. 
We could even give a thought to the 
original microminiaturization theorists, 
the theologians of the Middle Ages 
who set up their own little R & D 
program to determine how many an- 
gels could dance on the point of a 
needle! —A.E.J. 
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WHAT'S NEWS 


IN RUBBER 


-ENJAY DELIVERS 
1,000,000" 


LONG TON OF BUTYL! 


PRODUCTION FACILITIES INCREASED TO 


MEET CONSTANTLY GROWING DEMAND 


There have been many elastomers developed since 
the first commercial ton of Butyl was used in 1943, 
but no other rubber, synthetic or natural, offers so 
many outstanding properties for so many appli- 
cations. 

Plant expansion plans announced recently will 


increase butyl production capacity some 50 percent 
by 1961 and, at today’s rate of consumption, the 
two million-ton mark will be reached within the 
next six or seven years. Two new additions to 
the butyl product line, Chlorobuty] and Buty] Latex, 
will soon be available in commercial quantities. 


VERSATILE ENJAY BUTYL’S OUTSTANDING PROPERTIES MAKE IT 
SUPERIOR TO OTHER RUBBERS FOR MANY APPLICATIONS. SOME ADVANTAGES: 


@ RESISTS TEAR AND ABRASION 
... used in the new and revolu- 
tionary all-buty] tire. 


@ HAS WIDE RANGE OF DYNAMIC PROPERTIES 
... used in over 100 applications 
on the modern automobile 


@ STANDS UP AT HIGH TEMPERATURE 
... used in steam hose and tire 
curing bladders 


@ |S IMPERMEABLE TO GASES 
... used in virtually all rubber 
air-holding applications 


@ WITHSTANDS EXPOSURE TO SUN AND 

WEATHER ... used in irrigation pipe 
and roof coatings. 
Want to find out fast, how versa- 
tile Butyl can improve your 
product ? Call or write the nearest 
Enjay office. 


@ DISPLAYS OUTSTANDING CHEMICAL 


@ HAS EXCELLENT ELECTRICAL PROPERTIES 
... used in high voltage cable 
insulation 


RESISTANCE ... used for the storage 
and shipment of many chemical 
and commodity products 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY COMPANY, INC. 


15 West 51st Street, New York 19, N.Y. 
Akron + Boston + Charlotte + Chicago + Detroit + Los Angeles »* New Orleans + Tulsa + Toronto 
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FOR PRECISE 
400-CYCLE POWER 


9 a 9 Specify Kearfott 
v w 
« 


Motor Generator Set Systems 


Kearfott 60-to-400 cycle motor generator 
frequency converters are in active use 
wherever precise 400-cycle power must be 
supplied . . . including laboratories and in 
such other representative applications as 
production testing, high speed tool opera- 
tion and ground support. These generator 
systems, which consist of a 60 cycle syn- 
chronous motor and a 400 cycle generator, 
can be supplied with controls and generator 
as an integral, compact unit—or with con- 
trols and generator separately located. 


PERFORMANCE SPECIFICATIONS 
Frequency: 400 cycles under any rated load condition with 60 cycle input. 


Voltage Regulation: Within +1% of rated voltage when (1) load varies 
between no-load and 125% of rated load, and/or (2) load power 
factor varies between 0.8 lagging and unity, and/or (3) equipment 
temperature varies after approximately 10 minutes’ operation. 


Voltage Recovery: When rated load is suddenly applied or removed, voltage 
will return to and remain within regulating band within 0.25 seconds. 


Voltage Adjustment: Continuously adjustable to +10% of rated value. 
Deviation Factor: Maximum 4% between no load and full load. 
Overload: Equipment delivers 125% of rated load for 2 hours. 


Amplitude Modulation: Maximum 1% of peak-to-peak voltage at any load 
between no load and full load, at any power factor between 0.8 
lagging and unity. 


Frequency Modulation: Maximum 0.5% at any load from no load to 125% 
of rated load. 


KEARFOTT DIVISION 
GENERAL PRECISION INC. 


LITTLE FALLS, NEW JERSEY 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, III. 

South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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justment. This cost coupled with lost 
production may exceed the basic price 
of the machine. 

Now we are at the root of the 
problem. We mentioned the battle of 
man vs complex machines. This is no 
battlke—we are apparently doomed. 
For to win we must acquire or cope 
with a greater complexity than that of 
the machine. We cannot do this on all 
complex machines, or on all fronts ot 
phases of our shop’s operation. Mr. 
Design Engineer, you must and you 
ean save us. We rely on you and must 
be relieved by a straightforward solu- 
tion to the problem. Although the de- 
sign is complex, you should also fur- 
nish a key by means of which we can 
be made aware that operation is nor- 
mal; and if not, wherein lies the ab 
normality. Then. by your purposeful 
design, you will allow the unskilled 
to replace a defunct sezment. You will 
have put at our disposal the key to 
your knowledge and the capacity to 
revitalize a defunct complexity. 

And where does the story end? A 
number of difficult and troublesome 
experiences could drive us back again 

(Continued on page 234) 


THIS MONTH’S COVER 


apa « 1960 


Electrical /iiicm i250. 


Manufacturing =— 


The Science of Logic, subject of our 
Science & Engineering feature this month 
(see page 123), has its roots in many cul- 
tures. The syllogism of Aristotle remained 
in the esoteric realm of philosophy for 
two and one-half millenia until—a little 
more than two decades ago—its “practi- 
cal” value as a design-engineering tool 
was discovered. Cover artist Shari Frisch 
shows Aristotle on his exalted pedestal 
surveying—across the vast expanse of 
time and space —the four-dimensional 
hypercube in which four lines (represent- 
ing variables) lead to each node (repre- 
senting a term). The hypercube is a logi- 
cal abstraction, yet its eight component 
cubes can be clearly identified. Thus does 
logic serve to make clear the nature of 
our familiar physical world. 
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Magnetic Materials from General Electric 


} 
i 
] 


Compact G-E dual-diameter d.g. magnets 
give you a free hand in speaker design 


General Electric dual-diameter, directional grain magnets clearly 
demonstrate that magnet size and weight are no longer any 
criterion of speaker performance. And, the reason is simple. 


G-E engineers have purposely designed weight and size out 
of dual-diameter, directional grain Alnico 5 magnets by concen- 
‘rating magnetic field energy within the area of voice coil travel. 
By combining the outstanding properties resulting from the G-E 
patented d.g. process with a design integrated to use these prop- 
erties, a new level of efficiency at the higher levels of gap energy 


: Compare these two Alnico 5 magnets for 
has been achieved. 


size. The smaller G-E directional grain 
In addition, smaller, lower cost pole pieces and return paths Alnico 5 magnet at the right establishes air 


of powdered iron are now feasible in larger speaker sizes. Send gap energy equal to that produced by the 
Law full band ‘ ‘ . s ; = conventional Alnico 5 magnet at the left. 
or full technical information on G-E directional grain Alnico 5. state the arpetulertentatton quer thn dual 
And, for a freer hand on any magnetic design, turn first to: diameter magnet volume. 

Magnetic Materials Section, General Electric Company, 7804 

N. Neff Street, Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL ¢@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES «© MAN-MADE DIAMONDS ¢ MAGNETIC MATERIALS @ THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 
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NEW METHOD 


NON-TRACKING 
ARC QUENCHING 
ONE PIECE ASSEMBLY 


= 
- " = | 


\ 
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ROSITE molded 


\ 


OLD METHOD 


assembly replaces 32 pieces 


for High Voltage Switch Base 


ELECTRICAL INSULATION LEVELS 
INCREASED BY 50% 


This dramatic example of ROSITE’S adaptability in 
high voltage electrical applications is typical of what is 
being done on many different products today. New 
hot molded ROSITE #3250 provides design freedom for 
electrical requirements, savings in assembly time, greater 
strength with less weight, and higher molding accuracy. 

Specifically, the transformer switch part above resulted 
in a better component for less cost. It is the first known 
use of a molded assembly for a Dual Voltage Switch in 
Distribution Transformers. 


INCREASED IMPULSE VOLTAGE— Up 50% to test 
levels of 117,000 volts, contact to contact and 202,000 


A complete brochure is available 
which tells the whole story on 
ROSITE. There are over 50 illustra- 
tions and a complete rundown on 
Rostone Corporation's facilities. 
Learn more about how ROSITE 
shows you the way to better elec- 
trical products. 


} ROSITE 
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volts to ground. This is because configurations were 
refined to a very high degree. 

HIGH STRENGTH — Electrical and physical shock 
levels may be greatly increased with the high impact 
nature of the insulation. 

MOLDING ACCURACY — Provides tolerances which 
give exact contact alignment in the switch assembly. 
INSERTS MOLDED !IN— Means savings of about one- 
third in assembly time. 

LIGHT WEIGHT — New ROSITE part cuts weight 
in half. 

These benefits are being secured by the use of this 
new, modern approach to heavy duty electrical require- 
ments. Our engineers will be happy to discuss ROSITE’S 
adaptability to your applications. Contact us today! 


Engineers and Custom Molders 


OSITE 


ROSTONE CORPORATION 


2405 South Concord Road, Lafayette, Indiana 
Telephone: SHerwood 2-8471 
In Canada: Electro Porcelain, Ltd., Waterloo, Ontario 
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Solve Your Adjustable Speed Problems 
with 
this 

Combination 


AJUSTO-SPEDE: 


I; your problem is in the field of speed 
control, tension control, power transmission, or 
testing, Dynamatic Eddy-Current Equipment is the 
ideal solution. Dynamatic Ajusto-Spede Drives, 
Couplings, Brakes, and Dynamometers are solving 
these problems in virtually every industry—in both 
plant machinery and end product applications. 


Dynamatic equipment can do the same for you. 


The New Quill-Type Ajusto-Spede 
Drive provides controlled adjustable 
speeds for applications from 14 HP 
through 7! HP. Together with the new 
K-2 Electronic Control and push-button 
station, this new Ajusto-Spede Drive 
comprises a compact, low-cost, 3-unit 
drive package. 


Send for Illustrated Descriptive 
Literature Covering New Models 
ACM-903 and 904 Ajusto-Spede Drives 


* When You See the Name Ajusto-Spede You Know it’s an Eaton Product 


©. 
EATON 


———- DYNAMATIC 


MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE e 


Ajusto-Spede Drives and other Dynamatic unit, 
offer the important advantages of rapid response, 
wide speed range, quiet operation, low power loss, 
low maintenance costs, and stepless adjustable speeds 
from an AC power source. 

For complete information about Dynamatic 
problem-solving equipment, check with your local 


Eaton-Dynamatic representative or distributor. 


Red tint indicates 
adjustable speed member. 


DIVISION 


KENOSHA, WISCONSIN 


PIONEER IN EDDY-CURRENT EQUIPMENT 


APRIL 1960 
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DESIGN 
EERING 


& ASME CONFERENCE 


New York Coliseum, May 23 to 26, 1960 


Ideas to spark your thinking. Applications to help 
you create superior products. Knowledge, for better 
accomplishment. 400 of the nation’s most imagina- 
tive materials and components manufacturers 
gathered under one roof to give a plus to your design 
and development planning. Exhibits are staffed with 
engineers. Compare first-hand —test —come away 
with hundreds of new ideas that can influence your 
product engineering for years ahead. You owe it to 
yourself to attend. 


inea excuance: he Design 
Engineering Conference 
sponsored by the Machine 
Design Division, Amer- 
ican Society of Mechanical 
Engineers 

The must conference of 
the year for everyone in- 
volved in product design, 
research and development. 


For information, write to Clapp & Poliak, Inc., Show Management, 341 Madison Avenue, New York 17, New York. 
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New machine with a memory licks 
a quality problem 3 miles long! 


ANOTHER NEW IDEA FROM CUTLER-HAMMER 


hen manufacturers started ordering 

up to 16,000 ft. of tinplate in one 
coil instead of sheets, it created a serious 
problem. 

You can control sheet quality by run- 
ning each one through sensing stations 
and separating them by predetermined 
standards. But how do you check and 
control quality in over three miles of tin- 
plate that’s all rolled up? 
© For an answer, a leading tinplate pro- 
ducer came to Cutler-Hammer. Work- 
ing with him, Cutler-Hammer engineers 
devised a simple, yet ingenious solution. 
They developed a new type of computer 
that hooks onto the same sensing stations 
used for individual sheets. 

As miles of tinplate whiz by these 
sensing stations before it’s coiled, this 
computer remembers every defect. Then, 
it automatically records every defect’s 
type and location on a tape. After check- 
ing the tape, exact quality is known. Pro- 


duction controls can be adjusted quickly 
to compensate for any deviations from 
standards. 


What’s your problem ? 


Cutler-Hammer is on the move. It’s 
brimming with new products—a limit 
switch, for instance, that’s twice as de- 
pendable as the ones you now use. It has 
the ideas and the engineering talent for 
designing systems that automatically han- 
dle everything from blast furnace charg- 
ing to quality control. And the addition 
of Airborne Instruments Laboratory’s 
microwave and electronic experience gives 
Cutler-Hammer unmatched capability in 
all fields of industrial automation. 

The new trademark you see above 
symbolizes the vitality, the capacity for 
ideas and practical assistance you can 
expect from the new Cutler-Hammer. 
Phone your nearest Cutler-Hammer office 
to put it to work for you. 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. « Division: Airborne Instruments Laboratory » Subsidiary: Cutler-Hammer international, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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More power to Sunbeam vacuum Cleaners 
with this Chicago Molded turbine fan 


One of the principal features of the new Sunbeam “Dual De-Luxe’’ Vacuum Cleaner 
is the turbine brush. This brush is driven by a unique one-piece turbine fan wheel 
molded of Nylon. It is believed to be the first plastic single piece molding of a fan 
incorporating the turbine principle. The fan wheel is made up of 56 curved blades, so 
spaced as to allow for intake of paper clips, hairpins and similar objects. Nylon was 
selected for its flexibility and resistance to this metallic impact. 


Obviously, this intricate piece presented molding problems. Engineers of Sunbeam 
and Chicago Molded worked closely together. The answer was a most unusual and 
complex mold incorporating 56 individual sliding side cores, one for each blade. 

Once again the broad experience of Chicago Molded, their knowledge of materials 
and methods, and their mold-making skill, have combined to lick a tough problem. 
These important advantages are yours when you deal with CMPC. Why not talk 
things over with us? Just write or phone. There’s no obligation. 


See Sweet's Product Design File 


2c/Ch, or send for new brochure 
“Design and Purchase of Cus- 
tom Molded Plastics.”’ 


CHICAGO MOLDED PRODUCTS CORPORATION 
1020 E North Kolmar Avenue 
Chicago 51, Illinois 


ELECTRICAL MANUFACTURING 





SUITABLE FOR 105°C SERVICE 


VARTEX 


protection & insulation 
in high-heat flexible extruded tubing 


ab 


This versatile UL-listed tubing has exceptional electrical 
and physical properties for applications over a tempera- 
ture range up to 105°C. Its protective and insulating 
qualities and unusual flexibility make it ideal for leads, 
connections and allied uses. A broad selection of colors 
and standard ASTM sizes are available. R191 Vartex 
conforms to ASTM D922-54-T (Grade C) and meets. 
the requirements of MIL-I-631C, Type F, Grade C, 
Classes 1 and 2, category 1. Millions of feet of Vartex 
are meeting the most difficult field conditions. 


Designed to conform to MIL-I-631C, Grades A and 
B, classes 1 and 2, category 1. Also conforms 
to ASTM D922-54-T (Grade A). 


| R100 | designed to conform to MIL--7444B, } Designed to conform to MILY-7444B, | to conform to MIL-1-7444B, 
| R54 | For general purpose applications. 


“NEW JERSEY WOOD FINISHING COMPANY 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION + WOODBRIDGE, N, J, 


VARNISHED GAMBRIC CLOTH AND TAPES ¢ VARNISHED "FIBERGLASS" CLOTH ANO TAPES ¢ 
VARNISHED SILK AND SILK SUBSTITUTE ¢ SYNTHETIC RESINOUS TAPES AND EXTRUDED 
TUBING © POLYETHYLENE, SHEETS. TAPES AND EXTRUDED TUBING ©® CABLE WRAPPING TAPES 
© “VARSIL" SILICONE VARNISHED "FIBERGLASS" CLOTH AND TAPES © ‘'VARSLOT’ COMBINATION 
SLOT INSULATION: — RAG PAPER AND VARTEX VARNISHED CAMBRIC ¢ FISH PAPER AND VARTEX VAR- 
NISHED CAMBRIC © ne PAPER AND “MYLAR’’* POLYESTER FILM © ASBESTOS PAPER ANO "MYLAR’’* 
POLYESTER Film | KRAFT PAPER AND "MYLAR’* POLYESTER FILM e VARTEX VARNISHEO 
om poreertes os wma i eaevee rar FILM, © SPECIAL COMBINATIONS AVAILABLE UPON REQUEST. 


TFibergias, Owens-Corning Fibergias registered trademark 


~~ lena tsi 
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why not concentrate 


on the job 


you do best? 


ELECTRICAL MANI FACTURING 





Making the world of today into the world of tomorrow . . . is quite enough to expect from any 
design engineer. So why waste your precious time trying to solve metallurgical problems 
relating to electronic, magnetic and electrical alloys? Why hold back the wonderful future for 
even another day (much less a week or month) while you stretch for the right thermal expansion 
or weigh the appeal of a hydrogen anneal? Why wait and worry and wish . . . when Carpenter 
can give you the solution right now? For no matter how difficult your problem, there's an 
excellent chance that our continuing research and development program has produced infor- 


mation which can save you time and money. 


In addition to leading the field in technical assistance, Carpenter also provides the convenience 
and reliability of one-source supply. You name it — dimensional control, resistance control, 
magnetic control — Carpenter offers you alloys to meet your most critical needs. In fact, you 
can choose from the world’s most complete line of alloys for electronic, magnetic and electrical 
applications. Write today for your free copy of our new 64-page technical booklet on these 
alloys. The Carpenter Steel Company, 115 W. Bern Street, Reading, Pa. 


[arpenter gtee: 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Webb Wire Division, New Brunswick, N. ]. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Assembled units (right) permit multiple 
contactors in limited space. As many as 
six contact blocks can be coupled to a 
single pushbutton. 


Westinghouse Flush Pushbutton (below) 
with contact blocks. Notice how one fits 
directly behind the other. Stacking per- 
mits controlling many circuits with one 
button. 


Easily snapped-on plastic caps 
come in seven colors—red, green, 
blue, yellow, gray, tan and black— 
for quick color coding of a push- 
button bank. 


YOU GET... 

TOTAL DESIGN FLEXIBILITY 

IN THE WESTINGHOUSE FLUSH 
PUSHBUTTON 


circuit flexibility—unique spacesaving design permits as many as 
six contact blocks to be stacked one behind the other. You operate 
all circuits with one push of a button... a big help when multiple 
operations are necessary. 


color flexibility—interchangeable chemical-resistant plastic caps 
come in seven colors: red, green, blue, yellow, tan, gray and black. 
Choose the best pushbutton for your design and color code it. Per- 
mits programming of manual operation using only one model. 


function flexibility—choose from a wide range of operators to suit 
any use. Standard units available include flush head, mushroom 
head, extended head, selector switches, push-to-test indicating 
lights and a host of others. 


When your design calls for pushbuttons, you'll find what you need 
in Westinghouse stock. Call your nearest Westinghouse representa- 
tive, or write Westinghouse Electric Corporation, Standard Controls 
Div., Beaver, Pennsylvania. §-30313 


you CAN BE SURE...IF ws Westi nghouse 
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The Westinghouse Flush 
Pushbutton ... color coding 
and multiple stacking of 
contact blocks provide 
greater flexibility in design. 
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ULL LINE OF HIGHEST BETA GER 


New Tl high-efficiency emitter 
gives you high beta 
germanium power transistors! 


Now minimum and max- 

imum betas are guaran- 

teed from 20 to 60 at the 

maximum current rating 
of Ic = 25 amps in new TI 2N514 series tran- 
sistors. New high efficiency emitter makes pos- 
sible greatly improved specifications for TI 
2N456, 2N511, 2N512, 2N513, 2N514, and 
2N1021 series alloy-junction germanium power 
transistors. 


TI gives you design leadership in quality germanium power transistors 


INCREASED BETA 

THROUGH HIGH-EFFICIENCY EMITTER 
Emitter efficiency can be improved by increasing 
the ratio of resistivities between the emitter and 
base region. For example, when a 10 ohm- 
centimeter resistivity germanium wafer is used 
as the base material, it is advantageous to have 
less than a .01 ohm-centimeter resistivity emitter 
regrowth region. Since initial doping of the 
germanium crystal establishes base resistivity, 
the ratio can be changed only by varying the GERMANIUM 
emitter material. TI utilizes an emitter material 
that results in a lower emitter resistivity and an 
increased emitter efficiency, plus providing the TRANSISTORS 
higher beta at high currents. 


Optimum reliability for all Tl germanium 
power transistors is assured by . . . 100% 
testing . . . 100% temperature cycling .. . 
100% hermetic seal testing . . . continuous 
and intensive quality assurance program. 
Write on your company letterhead for 
germanium power transistor specifications. 


POWER SWITCHING DEFLECTION CIRCUIT 


TEXAS ir INSTRUMENTS 


INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 
® 13500 N. CENTRAL EXPRESSWAY 
POST OFFICE BOX 312 - DALLAS. TEXAS 
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MANIUM POWER TRANSISTORS 


New high current 2N1046-A-B give you 
high frequency /dissipation /voltage 
with high beta! 


New TI 2N1046B 

germanium power 

transistors give you 

10 amp Ic with 
typical 18 mc f+... 130 volt BVcBo... 
guaranteed beta of 10 at 10 amp Ic... 30 
watt dissipation . . . high frequency/high cur- 
rent operating characteristics. The 2N1046 
series alloy-diffused P-N-P transistors provides 
maximum reliability for your core driving, 
hi-fi amplification, and other high frequency 
power applications. 


f* Frequency at which common base current gain of 
the device is unity. 


Call on your nearest TI distributor or sales office for immediate 
delivery of Tl germanium power transistors including the 1-amp 
2N1038 series and the 3-amp 2N1042 series power transistors. 


Ti GERMANIUM POWER TRANSISTOR C 


"Collector Emitter Collector . 
Collector to Emitter to Base Reverse Current Internal Cutoff 
| Dissipation to Base Voltage Voltage-v I Frequency 
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Only 


Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base—Decorative Finishing 


A COMPLETE PROCESS 
ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 
SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 
you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


2 


3 PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


4.» ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


“<g>. RESEARCH AND DEVELOPMENT 
FACILITIES 


If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


IRIDITE—-a specialized line of chromate conversion coatings for non-ferrous 


metals. Apply by dip, brush or spray methods — 


- at room temperature — 


manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Plating 
Supplies" in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


> Allied Research Pr oducts, ENC. 4004-06 eASt MONUMENT STREET # BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE @ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: L. H. Butcher Co, 


Cus*| C3"| C=" Eus*| CID 


Chromate Clear Piloting Chemicals & Line of 
Coatings Coctings Brighteners Supplies Equipment 


Chemical and Electro - 
chemical Processes, Anodes, 
Rectifiers Equipment, and Supplies for Metal Finishing 
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in direct writing recording systems 


only Brush 
designs 
specifically for mil specs 


From every nut and bolt to the shipping crate, fully militarized Brush Direct Writing 
Recording Systems are originally built to meet military specifications. 


That’s why they are performing every imaginable task of data acquisition and 
recording at U.S. and NATO installations throughout the world. These electric writing 
systems have proved their unexcelled reliability ... from the Operations Monitor 
that will record 120 separate operations at the instant they occur... to the Analog and 
Sequence Recorder that simultaneously records both analog data and sequential events. 
And, they are built for maximum performance in the hands of non-technical personnel. 


Brush equipment is already at work putting evaluation data in writing for a whole new 
generation of weapons. When the weapons become operational, Brush MIL Recorders 
are a vital part of the system. This experience is unique in the industry. Before 
prototype design becomes a problem—call, write or wire Brush for complete details. 


brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE)| CLEVELAND 14, OHIO 


CORmPORATION 





there 
IS 
a 
difference aia ciesinso sien 


brush INSTRUMENTS 


DIVISION OF 


Only Brush Chart Paper is designed as an integral component of precisely engineered Brush Direct 
Writing Recording Systems. The full potential of these systems cannot be realized unless all 

of the original components are utilized. They’re engineered as a total entity. Imitation papers cannot 
match the precision ruling, dimensional stability and super-smoothness of Brush Chart Paper. 

Take no chances—specify Brush and you can rely on your records being accurate, permanent, easily 
read and easily reproduced. Stocks available from strategically located branches and 

sales representatives throughout the United States and Canada. 


Write for samples 
of actual tracings on 
Brush Chart Paper. 
Ask for 

“Check the Record”’. 





NOW ... 

REMOTE CONTROL 

FOR WESTINGHOUSE 

TYPES E, EH AND F BREAKERS 


This magnetically operated unit turns your types E, EH and F breakers into a 
remotely controlled switch for—service entry panels—control panels—billboard, 
railroad yard, parking lot and industrial lighting systems. Use it as a remote switch 
for battery chargers—engine generators—you can think of a score of other uses. 

0 This new Westinghouse Electric Operator is the same size and fits the same space 
as the breaker it controls: Its action is strong and positive, with the advantage of 
manual control when desired. In fact, this new electric operator does the same job 
for the smaller breakers that a motor operator does on the larger type breakers. 
What’s more, the cost is much less. Electric operator works on 120, 240, 480 or 600 
volts a-c; 125 or 250 volts d-c. 

0 There’s a 4-page, 2-color illustrated brochure available describing more about 
the Westinghouse Electric Operator. For your copy write: Westinghouse Electric 
Corporation, Standard Control Division, Beaver, Pa. 5-085 


you CAN BE SURE...IF oWesti nghouse 
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-Newest NAMCO 


Snap-Lock Limit Switches, developed by National Acme to meet rigid specifi- 
cations, have become industry’s standard for reliable ““machine life” service. 
Latest and most advanced in the complete line is the SL2. Built with machine 
tool precision and ruggedness, it will give millions of fast, accurate contacts. 
Furthermore, it is water and oiltight and can stand the bruising conditions 
imposed by heavy-duty machine applications. You owe it to yourself to closely 
examine the combination of performance characteristics that assure completely 


reliable limit switch performance under the most extreme operating conditions. 


\ 23° TO TRIP 
\ 


8 ie. 


67° OVER TRAVEL | FREE TRAVEL 
(TRIPPED) (NOT TRIPPED) 
\ 


4. Light Operating Pressure . . . Tripping action re- 


Closely Check These Outstanding Features 


@. 


1. Flexible Operation . . . To meet the requirements 


of any application, standard cam blank (above, left) 
can be cut into a wide variety of configurations in- 
cluding those shown. Interchangeable, these cams 
provide positive control of contact sequence; permit 
tailoring switch performance to individual jobs. 


2. Ample Overtravel and By-pass . . . Sixty-seven 
degree overtravel . . . 90° by-pass . . . 180° arc. 


3. Clockwise or counterclockwise motion . . . Convert- 
ing from clockwise to counterclockwise motion takes 
but a few seconds. 


quires only 12% pounds at 1% inch radius . . . 50% 
less than previous models.¢Overtravel reduced so as 
to require only 8 pounds at 1% inch radius. 

5. Shock-proof Design . . . Positive mechanical lock 
mechanism Withstands shock and vibration. 

6. Fast Contact Action . . . High make-and-break 
contact speed permits use in unusual applications. 

7. High Gontact Pressure . . . Contact bounce mini- 
mized by use of new contact material that permits 
15 oz. contact pressure. 


Write for Bulletin EM-SL60 containing complete detailed information 


Acme 


Sales Offices: Newark 2, N.J.; Chicago 6, Iil.; 


The National 
Acme Company 
176 E. 13lst Street 
Cleveland 8, Ohio 


Detroit 27, Mich. 
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TO THE ENGINEER 


looking for a quick connection 


Engineers out to cut costs at no expense of 
reliability can count on dramatic savings in 
assembly and wiring time by designing 
around AE Class E relays with quick-connect 
terminals. 

Series EQPC is designed for direct insertion 
into printed circuits. Series EQTT, with 
Taper-Tab terminals, provides firm, high- 
conductivity connections without soldering. 


AE also supplies Class E relays prewired 
for plug-in — with standard 8- to 20-prong 
octal plugs. Where additional relay protec- 
tion is essential, the plug-in types are avail- 
able in hermetically sealed containers or with 


dust-tight housings and hold-down brackets. 


The AE Class E relay is a miniaturized version of 
the premium-quality Class B, with many of its 
best features. Perfect contact reliability exceed- 
ing 200 million operations is common. 


AE is also equipped to supply wired and 
assembled, custom-built control units, or to 
help you develop complete systems. 


Want details? Just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC ees) 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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one late decision on inventory and this $50 part could cost you $5,000 


IBM RAMAC'305 


controls inventory data to prevent 
costly “out-of-stock” conditions 


A delay in production caused by an “out-of-stock” part 
can make that part the most expensive item in your 
stock, IBM RAMAC 305 gives you the fast and accurate 
control over inventory that helps you avoid costly short- 
ages—or equally costly overstocking. 

As each transaction is entered into RAMAC, all af- 
fected records are immediately posted and updated. 
Management may inquire as to the status of any speci- 
fied item in inventory. This random access ability is 
an exclusive feature of the IBM RAMAC. 

Balanced Data Processing . . . IBM services as well 
as machines . . . is a continuing responsibility of IBM 
to its customers. Like all IBM data processing equip- 
ment, RAMAC 305 may be purchased or leased. 


© 


balanced data processing 
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NEW HIGH ENERGY ALNICO V-7 
PERMANENT MAGNETS ACHIEVE TYPICAL ENERGY 
VALUES OF 7 MILLION FOR THE FIRST TIME! 


For the design engineer with a special application problem 


Hyflux Alnico V-7 is a new high 
energy material now available for 
special applications requiring either 
greater energy per unit weight or 
volume, or equal energy from a 
lighter or smaller magnet. 
Compared with the previous en- 
ergy leader Alnico V, new Hy- 
flux Alnico V-7 represents a sig- 
nificant advance in the energy level 
of permanent magnets. To show 
this, a portion of the Demagnetiza- 
tion and Energy Product Curve has 
been enlarged and depicted here. 
The curve for Hyflux Alnico V-7 
shows a typical energy value of 7.00 


million. By comparison, Alnico V 
has a typical value of only 5.50 
million. 

The reason for this remarkable 
performance lies in the very high 
degree of crystal magnet orientation 
found in the material. As a result, 
Hyflux Alnico V-7 produces more 


magnetic energy per unit volume 
or weight than any other perma- 
nent magnet material presently 
available. 

Other characteristics of Hyflux 
Alnico V-7 are equally impressive. 
For example, residual induction 
B,) is 12,750 gausses, and the co- 
ercive force (H,) is 765 oersteds. 
For Alnico V the B,; is only 12,500 
gausses and the H, 600 oersteds. 
Improvements such as these point 
the way to important design break- 
throughs in many fields. 


When To Use Hyflux Alnico V-7 
A premium material, Hyflux Alnico 
V-7 is particularly suited for use in 
space age or other critical equip- 
ment requiring a greater level of 
energy, or where smaller size and 
weight without loss of energy is 
needed. 

1. Military Electronics. Use Hyflux Al- 
nico V-7 for light-weight ground and 
airborne generators and alternators 
(in a full range of frequencies). 

2. Testing Equipment. Use Hyflux Al- 
nico V-7 in meters, recording instru- 
ments, oscillographs, magnetometers 
and galvanometers. 

3. Miniature and Sub-miniature Com- 
ponents. Use Hyflux Alnico V-7 for 
missile-borne guidance and record- 
ing equipment. 


Designing With Hyflux Alnico V-7 
The nature of the material is such 
that orientation (and magnetiza- 
tion) must be straight, eliminating 
the familiar horseshoe shape. Cyl- 
inders, rectangles and other pris- 
matic shapes, however, are possible, 
as are certain conic or pyramidal 
frustums. Pole faces may be ground 
quite easily. Side surfaces may also 
be ground, but somewhat slower 
than normal. 


TYPICAL CHARACTERISTICS 
OF HYFLUX ALNICO V-7 


(in comparison with Alnico V) 


PROPERTIES Alnico 
- Vv 


Residual Induction 
(minimum) B, Goausses 


Coercive Force 
(minimum) H, Oersteds 


Peak Energy Product 
ByHymax x 106 


Peak Magnetizing Force 
Oersteds 


Weight 
(Ib per cu in) 0.265 0.265 


Mechanical Properties Hard- Hard- 
Brittle Brittle 


For more information on new Hyflux 
Alnico V-7 and its role in the design 
future of your firm, write Dept. B-4 


< DEMAGNETIZATION AND 
ENERGY PRODUCT CURVE 


TIZING FORCE MW OERSTEDS (¢ 


INDIANA STEEL PRODUCTS 


Division of Indiana General Corporation 


Valparaiso, Indiana 


INDIANA 
PERMANENT 
MAGNETS 


In Canada: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 


10 
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extolite’/reliability 


for automated production... 


PUNCHES 
CLEAN, 
COLD... 


@BTextolite 11572 


XXX-P LAMINATE 


To assure superior terminal boards and strips, many fabricators and 
manufacturers of electronic components specify G-E TEXTOLITE 
11572 cold-punch laminate. They find 11572 punches easily — cleanly 
at normal room temperatures, thus assuring accurate punching, time 
after time. As a result, 11572 is not subject to variations of thermal 
expansion which occur in laminates requiring a heating cycle. 


G-E TEXTOLITE 11572 is a high quality, inexpensive paper-base 
laminate recommended for use in électronic applications using high 
voltage at radio frequencies. It has high insulation resistance, low water 
absorbtion and is impervious to solvents used in circuit printing proc- 
cesses. Its outstanding product uniformity assures no variation from 
piece to piece. 


Available as an unclad or copper-clad laminate with 1 or 2 oz. of copper 
on either or both sides, it exceeds standards set by NEMA for XXX-P 
grade laminates. 


If your plans call for a dependable plastic laminate with excellent 
punching characteristics, specify G-E TEXTOLITE 11572. For com- 
plete information write: Laminated Products Department, Section 
EM-40, General Electric Company, Coshocton, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


COSHOCTON, OHIO 


~ 


MILITARY 
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“BUILDING-BLOCK”’ FLEXIBILITY per- 
mits adding and removing of circuits in 
your plant by your own electrician. The 
6” x 6” transistor control panels have 
exceptionally high resistance to heat, 
moisture, and electrical breakdown 


FINGERTIP OPERATOR CONTROL with 
start and stop pushbuttons and potenti- 
ometer speed-setting dial. Small potenti- 
ometers greatly reduce size of operator's 
control panels and are dust-tight for max- 
imum protection. 









Tongass 


Rie) 


RUGGED FLEXITORQ motors offer very high 
commutating ability; 400% short-time and 

15% continuous overload capacities; fast ac- j 
celeration and deceleration. Made in various 
enclosures, these compact motors permit ex- 

ternal mounting of gear heads, blowers, tach- 

ometer generators, etc., to meet any operating 
requirement. 


DEPENDABLE TRANSISTORS are heavy-duty indus 
trial components rated 35 volts, but stressed to only 
half their nominal rating in our circuits. They have 
unusually high gain with twice the speed of response 
and only half the drift in gain of tubes. Transistors 
never fade — normally provide 15 or more years of 
dependable service 





it’s ideal for single-motor and 
synchronized multi-motor drives for: 


Extruders 

Wire-drawing machinery 
Machine tools 
Conveyors 

Calenders 

Paper machinery 

Textile machinery 
Printing presses 

Test stands 

Adjustable frequency 


Another NEW product from Louis Allis power supplies 


and many other applications 


The New LOUIS ALLIS Select-A-Spede® Drive 
First with fleld-proved All-Transistor Control 


a high-gain, high-performance d-c drive with unmatched 
flexibility and low upkeep 


Here’s a superior adjustable speed drive with simplified transistor - magnetic 
amplifier control. It’s the easiest drive to set up and operate. A twist of the dial 
gives you stepless speed adjustment from zero to full speed in either direction. 
Each adjustment is independent, thus sparing you the need for compensating 
adjustments of inter-related settings. You get more consistent day to day operation 
because transistors — unlike tubes — are highly dependable. 


The new Select-A-Spede defies obsolescence. To add functions, such as current 
limit, to your basic drive, you simply have your electrician install the “current 
limit” transistor circuit panel. These “building-block” panels allow you to add any 
of the 13 control circuits that changing conditions call for — and they are 
immediately available from Louis Allis stock. Thus a rebuilding or adaptation 
job that, on former equipment, cost thousands of dollars — excluding down-time — 
can now be done at a fraction of the cost and time right in your own plant! 


Transistor control practically eliminates upkeep and down-time. High quality 
transistors, field proven in missiles and other advanced electronic equipment, 
assure you of a high degree of dependability with a life expectancy of 15 or more 
years. Printed low-voltage transistor circuits are virtually trouble-free and 

can be quickly and easily replaced from low-cost stock. 


Further savings are provided by the new Louis Allis Flexitorq® drive motors 
through vastly improved commutation, low brush wear, and their ability to safely 
withstand momentary overloads of 400% of normal horsepower rating. 


If you want superior speed regulation on your drive, check the new Louis Allis 
Select-A-Spede with all-transistor control. Sizes from 5 to 400 hp — in a wide range 
of enclosures and speed ranges up to 20:1. Contact any one of the 60 Louis Allis 
District Offices for information and application assistance. Or write for bulletin 
2001 to The Louis Allis Co., 428 E. Stewart St., Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


Circle 131 on Inquiry Card LO U IS ALLI S$ 





ELECTRICAL MANUFAC 





The Amplexologist is sometimes detected about 
to pocket a part in a prospective customer’s 
plant. Especially a part being machined from a 
rough casting or hogged out of steel. Just the 
sight of it starts wheels whirling in the Amplex- 
ologist’s head. 


Why all the machining? Is this scrap necessary? 
Could we make the part out of powder metal? 
Eliminate machining costs. Eliminate scrap. Deliver 
a finished precision part for the price of a rough 
casting. Less, maybe? 


Well! Thoughts like these are enough to make 
the Amplexologist forget his mother’s maiden 
name. No wonder it sometimes takes a pointed 
stare to remind him to ask permission to pick 
up the part and take it back to the office and 
figure precisely how to make it better and 
cheaper through advanced powder metallurgy. 


Customers usually forgive him the sins of his 
enthusiasm. It has saved them thousands of 
dollars. We can afford to forgive him, too. He 
has helped make us the world’s largest, most ex- 
perienced producer of powder metal parts. He is 
the reason manufacturers say: When it comes 
to powder metallurgy —Amplex has the answer. 


FOR THE BENEFIT OF SKEPTICS... 
The part shown is a combination gear 
and compound cam. Formerly, it was 
an 8-piece assembly: fibre gear, steel 
flange, horizontal steel cam, vertical 
steel cam, four steel screws. Then the 
Amplexologist went to work. Today, 
the part is produced by powder metal- 
lurgy as a single unit—a finished preci- 
sion part that requires no machining. 

Cost reduction: about 90%. What’s 
more, the powder metal part provides 
longer wear, quieter operation. 


Photograph permission RCA. 


= SEND COUPON ... if you'd like to talk over 
Wiles <olteleiiam » | your product with the Amplexologist. Don’t hesi- 
‘ > tate. He's always happy to get out of the office. 


TDN NS WMT ik 
AMPLEX DIVISION « CHRYSLER CORP. « Dept. E4 Ee 
P.O. Box 2718 e DETROIT 31, MICH. 


Please have the Amplexologist call to look into the — 


_ possibility of using powder metal parts in our product. — 
i MI L IF x ae ar 3 


p CHRYSLe, COMPANY 
* ADDRESS 


ULTRA HITE 


DIVISION 
CHRYSLER ' 
CORP. E : cITY_ STATE 
 — propuct : 
PR oov oT Euumammecmemnuns re LOC ONOR 
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ver a-million cer 


Centralab’s enormous facilities 
for ceramic production can 
serve your company, too! 


1,215,000 ceramic pieces are produced in an average day 
at CENTRALAB! Some are big, some are small. Some re- 
quire exacting tolerances and intricate machining; others 
are less complex, but still require appropriate facilities 
for quantity production. 

The CENTRALAB Ceramic Design Handbook is available 


for your use. Write for your copy, or consult Sweet’s 
Product Design File (folio 4a/ce). 


Centzalab/ 


CERAMIC CAPACITORS - 


ELECTRONIC SWITCHES + VARIABLE RESISTORS - 
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SOME STATISTICS ON CENTRALAB'S FACILITIES 


29 Kilns 

A variety of linear, circular, and oven types, in a compre- 
hensive range of sizes to meet any need. 

85 Presses 

Specialized equipment for forming, extruding, pelleting. 
175 Precision Machines 

Equipment for grinding, polishing, boring, threading, etc. 
to tolerances + .0002”. 

226,600 sq. ft. of floor space 

devoted to ceramic engineering and production. 


The Electronics Division of Globe-Union Inc. 
9... E. Keefe Avenue + Milwaukee 1, Wisconsin 
In Canada: P. O. Box 400, Ajax, Ontario 


PACKAGED ELECTRONIC CIRCUITS + ENGINEERED CERAMICS 


ELECTRICAL MANUFACTURING 





America’s modern way of doing business 


ee 


Trainers, veterinarians,~cattlemen tranquilize animals safely with Cap-Chur syringe-rifle... delivered by AIR EXPRESS 


Air Express gives sleep-gun fast, kid-glove handling 


When a toothache turns Jackie, a docile movie lion, into a pain-maddened beast—look out! For 
trainer Melvin Koontz it's no problem. One "'pffft'' from his Cap-Chur air-rifle sends Jackie quickly 
off to dreamland .. . and to the veterinarian. The magic bullet is a harmless tranquilizing syringe. 
Both rifle and ''ammo' were shipped via Air Express from Atlanta, Georgia to Jungleland, Cali- 
fornia... and got kid-glove handling and dependable, 
overnight delivery ... at low cost. These advantages can 


help your business, too. Call Air Express and speed 
your products FIRST TO MARKET ... FIRST TO SELL! 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY ¢ GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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Phelps Dodge Applied Research has developed 
many outstanding magnet wires that anticipate 


CLASS A (106°C) 


the requirements for advanced insulation 
system designs. This widely diversified group 
of Phelps Dodge “‘firsts’”’ includes: 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


ELECTRICAL MANUFACTURING 





Magnet Wires that 
pace the Industry 
come from 

Phelos Dodge! 


SODEREZE® (solderable); FORMVAR (square and rectangular) 
BONDEZE® (self-bonding); S-Y BONDEZE™ (solderable self-bonding) 
GRIP-EZE® (solderable self-gripping); HERMETEZE® (for hermetic motors) 


CLASS B (130°C) NYLEZE® (solderable); THERMALEZE® B (round film) 


THERMALEZE® F (round, square, rectangular film) 
DAGLAS® (flexible glass) 


CLASS F (155°C) 


CLASS H DAGLAS® H (flexible glass) 


FIRST FOR 


scsi chime ee  "@aRPoRation 
y . 
—FROM MINE ; 


Be GCsS 6 ou ‘kong INCA Oi ee earner: 


wp Lat 
& oh! 
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EP-93C 


no tint vinyl insulation sleeving for MIL-I-7444B 


Developed specially for the new “‘B” revision of 
MIL-I-7444, Resinite EP-93C is transparent and color- 
less (no amber tint). 

This material has all the superior characteristics of 
Resinite specification grade insulation sleevings—and 
more. Now there is a Resinite material for all types 
(transparent, tinted or colored) and all size ranges of 
MIL-I-7444. 

Your Resinite Distributor has complete information 
on EP-93C and other Resinite materials to solve your 
insulation sleeving problems. For samples and per- 


formance data, write: 


RESINITE EP-93C 


¢ Smoother, harder surface facilitates installation 

e Flexible at —90°F 

e Withstands 185°F continuously 

e Flame resistant 

¢ Fungus resistant 

° All3 types and size ranges 

. Transparent, amber, black, white, red 

e Exclusive ‘“‘Soft-Wound” spooling assures 
full-round sleeving 


Resinite® —specialists in vinyl sleevings and tubing for the 
aircraft, electronics, electrical and pharmaceutical fields. 


Resinite Department, The Borden Chemical Company 
I Clark St., North Andover, Mass., and P.O. Box 430, Compton, Calif. 


IF IT’S A Borden = Sz 


5 Chemical IT’S GOT TO BE GOOD 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


NOW... 


AMPS AT 150°C.! 


actual size f 


A 


P 


GENERAL INSTRUMENT 


DIFFUSED 
HIGH POWER 
SILICON 
RECTIFIERS 


COMPLETE RELIABILITY AND TOP EFFICIENCY WITH 
LOW FORWARD DROP AND PIV UP TO GOOV... 


ABSOLUTE MAXIMUM RATINGS it vt Ah lt ue ut vA Ltt vi 
(FOR 150° C. CASE) 0512 1012 1512 2012 2512 3012 4012 5012 6012 





General Instrument rec 
100 Be) 200 25 te] tele 506 60 


smaller stud pact 
P 


+ 


=} i 
“Sah 
een 


Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 


65 Gouverneur Street, Newark 4, N. J. 
Midwest office: 5249 West Diversey Ave., Chicago 39 
Western office: 11982 Wilshire Bivd., Los Angeles 25 


GENERAL INSTRUMENT CORPORATION INCLUDES F. W. SICKLES DIVISION, AUTOMATIC MANUFACTURING DIVISION, SEMI. 
CONDUCTOR DIVISION, RADIO RECEPTOR COMPANY, INC., THE HARRIS TRANSDUCER CORPORAT\ON, MICAMOLD ELEC- 
TRONICS MANUFACTURING CORPORATION AND GENERAL INSTRUMENT —F. W. SICKLES OF CANADA LTD. (SUBSIDIARIES) 
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NOW! Fuses that... 


Safely interrupt fault currents up to 


200,000 amperes... 


Limit fault current to very low values 


Buss Low Peak fuses can completely 
revolutionize the protection of the 
entire electrical system. 


Protect Mains, Feeders, Branch Circuits, 
Motors, Controllers, Switches—no matter 
whether the fault current is 1,000 amperes, 
25,000, 100,000 —or as high as 200,000 
amperes. 


Reduce stresses and prevent damage to 
Panel-boards, Switches, Motor Controllers— 
other circuit components—because let-thru 
fault currents are limited to exceptionally 
low values. 


Prevent work stoppages, lights out, waste 
of time and money—because long time-lag 
keeps them from opening needlessly on motor 
starting currents or other harmless over- 
loads. 


Permit increasing interrupting capacity 
and current limitation on present system at 
minimum cost. 


Hold 500% load for minimum of ten seconds 


Before designing a new 
installation— 
or modernizing old 
installations— 


GET ALL THE FACTS 


Knowledge without action is of 
little value—but ACTION NOW 
may save you money—increase 
operating efficiency and reduce 
electrical hazards to a minimum. 


BUSS LOW-PEAK fuses fit 
standard Switches and Panel- 
boards and are available in N.E.C. 
sizes from 15 to 600 amperes in 
both 250 and 600 volt ranges. 


Write for BUSS LOW-PEAK 
Bulletin Now... or use coupon. 


Bussmann Mfg. Division 
McGraw-Edison Co. 
St. Lovis 7, Mo. 


ELECTRICAL MANUFACTURING 
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y TIME-LAG 
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Bussmann Mfg. Division, McGraw-Edison Co. 
University at Jefferson, St. Louis 7, Mo. 
Please send BUSS Low-Peak Fuse Bulletin LPS. 
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CHEATING NEW SOLUTIONS TO NEW PROBLEMS 


One of a series illustrating how General Plate Clad Metals help uncover new horizons in one of many fields of er 


New Products made with New Materials... 


the 
* tiny 
Transistor. ‘ai 


ineering accomplishments 


New Processes... 
USED IN NEW AND DIFFERENT WAYS 


GERMANIUM 
CRYSTAL 


BASE TAB 
TIN CLAD NICKEL 


Tin clad nickel used as ger- Among the important 


manium cradle base tab sup- th . i he suc 
port. The strength of nickel and Contributions to the suc- 
the solderability of tin combine ,,.. sl as = . 
to solve a variety of physical and cess of transistors Is the 
mechanical problems. use of General Plate tin 

clad nickel the 
germanium cradle base tab support. In this one piece 
of clad metal, the strength of nickel and the solder- 
ability of tin were combined to solve a variety of 


used as 


physical and mechanical problems. This made it pos- 
sible to eliminate expensive hand assembly of minute 
pieces, or electroplated material that might contain 
gas or present a porous surface with 
resulting unsatisfactory performance. 


General Plate tin clad nickel is but one of over 400 
different combinations of clad metals available which 
are finding wide use in industry after industry. New 
combinations are being developed constantly. 

No matter what your metal problem, it will pay 
to consult with Metals & Controls Division 
Engineers. Their vast experience in cladding pre- 


you 


cious to base or base to base metals can overcome 
your multiple 
property requirements .. . often reduce costs, too. 
Write for information today. 


metals engineering problems with 


<~ TEXAS INSTRUMENTS 


General Plate Products: Clad Metals Electrical Contacts Truflex® 


54 
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1904 FOREST STREET ° 


INCORPORATED 


METALS & CONTROLS DIVISION 
ATTLEBORO, MASS. 


GENERAL PLATE PRODUCTS 
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ELECTRONICS! 


ELECTRICAL MANUFACTURING 


COMPACT, RELIABLE, VERSATILE... 
this is PaB’s miniature MH relay 


eS uay ed 
yak 


The MH is not a new relay. 

As a matter of fact, we’ve been building 
and selling this series for seven or eight years. 
Its reliability and exceptional longevity 
have been proved in business machines, air- 
borne computers and a host of other products. 

Engineers like its fast action, its small 
size, its light weight. They like the wide 
selection of contact forms. ..up to 18 springs 
(9 per stack, DC) as well as the fact MH 
relays can be furnished to switch loads rang- 
ing from dry circuit to over 5 amps at 115 
volts, 60 cycle resistive. 

A multiple choice of terminations add to 
the MH’s versatility. This relay, for example, 
can be adapted for printed circuits, fur- 
nished with taper tabs or a long list of other 
terminals. Get all the facts by calling your 
nearest P&B sales engineer today. 


FERRE 


REQUIRES a5 DIA 


EARANCE HOLE 


FOR D 


=> RELAYS 


FORA 


—— RELAYS 


MH ENGINEERING DATA 


GENERAL: 


Breakdown Voltage: 500 volts 
RMS between all elements. 


Ambient Temperatures: — 45° C 
to +85°C.(—65°Cto +125°C 
on special order.) 

Shock: 30g on special order. 

Vibration: 10g from 55 to 500 
cps.; .065” max. excursions from 
10 to 55 cps. on special order. 

Weight: 2'/2 ozs. max. (open relay) 

Terminals: Pierced solder lugs; 
special lugs for printed circuits, 
taper tab (AMP +78) 


CONTACTS: 


Arrangements: Up to 9 springs 
per stack 


Material: 4" silver standard: Palla- 
dium or gold alloy also available. 


Load: Dry circuits to 5 amps @ 
115V AC res. 


COILS: 
Resistance: 22,000 ohms mox. 


Power: 100 mw per movable min 
to 4 watts at 25°C max.(200 mw 
min. to meet max. shock /vibration 
spec.) 


Duty: DC: Continuous. AC: Inter- 
mittent (Two pole relay max.) 
open. Sealed units supplied with 
full wove rectifier inside can. 


Voltages: DC: Up to 110 volts. 
AC: Up to 230 volts 60 cycles, 


The relays below are variations of the MH relay structure. 


ee 
Ly 
MA LATCHING * 


Electrical latch, mechanical re- 
set. Small, versatile and offered 
with selection of contact 


arrangements. 


MB CONTACTOR 
volts DC non-inductive. 


duration of 0.3 seconds. 


Q) 
Contacts rated 60 amp. 28 


carry 150 amp. surge for a 


MH SEAL-TEMP 
Features sealed coil to mini- 
mize contact contamination. 
Available as hermetically 
sealed relay only. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


G) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 


IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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The NEW Bruel & Kjaer 


TRUE RMS ELECTRONIC VOLTMETER 


* Measures 20 db Dynamic Range Accurately 
* Reads Out in True RMS, Average, or Peak Values 


The Model 2409 Electronic Voltmeter 
covers the frequency range 2 to 200,000 c/s + 0.2 db 


% Measures full scale complex signals 
with a crest factor of 5. 


% Zener diode calibration reference 
% Calibrated decade amplifier 
% Cathode follower input and output 


o 
| Gentlemen: 
| Please send me 
| B & K RMS Voltmeter Brochure 
B & K Complete Line Catalog 


COMPANY 


—j B & K INSTRUMENTS, Inc. 
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Announcing 


Noll” 


a versatile high-strength, heat-treatable 
copper alloy with this valuable 
combination of properties 


HIGH 
YIELD STRENGTH 


70,000 psi @ 50% 
extension under load, 
min., in precipitation— 
hardened condition 

Elongation in 
4x D, min., 8% 


HIGH 
TENSILE STRENGTH 
90,000 psi min., in 


precipitotion—hordened 
condition. 


ial 
ULL eA 


Compored with Free 
Cutting Brass Rod at 100 
its machinability 
rating is 
approximately 40 


silicon 


METALLURGICAL COMMENT. Most of the nickel and silicon 
in heat-treated Cunisil are present as an intermetallic com- 
pound, nickel silicide, and it is the precipitation of nickel 
silicide in the form of particles of submicroscopic size by a 
relatively low temperature heat treatment that accounts 
largely for the distinctive properties of the alloy. 


Prior to the hardening heat treatment, the alloy is brought 
to a proper condition for hardening by giving it a solution 
anneal at a much higher temperature and then a quenching 
from this temperature; at this stage the alloy is quite soft 
and in a condition for drastic cold-working operations. The 
hardening heat treatment consists of heating at a controlled 
temperature for a definite length of time to obtain the de- 
sired mechanical properties. 
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HIGH CORROSION 
RESISTANCE 
Comparable to copper 
and Everdur copper- 

alloys 


NEW 


FROM 
ANACONDA 


Lt maa tee 
mL TN Td 
30 to 42% IAC 


1s heat treated 


AVAILABLE 
AS ROUND ROD 


In straight lengths 
including Ys" dia 
to 1°" dia. In coils 
Vis" dia. to %"' dia. 
Inquire for 
» other sizes. 


CUNISIL-837 is a high-strength, corrosion-resistant alloy tha! 
includes many of the desired qualities of Silicon Bronze o1 
Everdur®. Its applications to date have been primarily in 
the electrical equipment field. 

FOR MORE INFORMATION—see your American Brass repre- 
sentative or write: The American Brass Company, Water- 
bury 20, Conn. In Canada: Anaconda American Brass Ltd., 
New Toronto, Ont. 5947 


® 


Copper and Copper Alloy Mill Products 


MADE BY THE AMERICAN BRASS COMPANY 
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For your toughest insulating 
problem, choose from the 


industry’s widest range— 


SPEED AUTOMATIC PRODUCTION of printed circuits with 
warp-resistant C-D-F metal-clad Teflon* and epoxy laminates. 
Other advantages: high bond strength of copper to laminate, 


C D a D . 3 CT >) superior blister-resistance in solder immersion. 
r O . 


glass-base laminates 


) 
C tf e 


Teflon’, silicone, epoxy, melamine, and phenolic glass- 
p a 
HIGH-VOLTAGE (1800v.) RF ISOLATION is achieved by 


fabric laminates. Polyester glass-mat laminates. miniature C-D-F Dilecto gears in an aircraft receiver-trans- 
. ‘ mitter switch. They also had to exhibit dimensional stability 
You can improve design, speed production, and Save money through a wide temperature range, resistance to fungus growth 
° . . . = thermal shock. 
by specifying one of the many C-D-F Dilecto grades. icacaie 
Whatever your application for these laminates — with 
fine- or medium-weave glass-cloth base — you'll find a bet- 
ter answer to your problem at C-D-F. (Melamine can also 
be made with glass-mat base.) And C-D-F offers modern 
machining and fabrication facilities to deliver production 
uantities of finished Dilecto parts to your specifications. 
4 : 

See our catalog in Sweet’s Product Design File, where 
the phone number of your nearby C-D-F sales engineer 
is listed. For free trial samples of glass-base Dilecto, or of 
any other C-D-F plastics, mica, or fibre product, send us PRECISE MACHINING AND FABRICATION are standard 
your print or your problem! Write for your free copy of benefits of Dilecto laminated plastics. These silicone glass- 
: e ° base parts (coil mountings, aircraft terminal board) were 


C-D-F Technical Bulletin 64. sawed, drilled, punched, and milled in production quantities 
* UPON ' by C-D-F and customer 


PROPERTIES OF SOME TYPICAL C-D-F DILECTO GLASS-BASE GRADES 


Flexural Dissipation Dielectric Insulation 
Equivalent Strength Factor at Strength Resistance Arc Re- Maximum 
NEMA or Lengthwise 10%" Parallel Cond. sistance Operating 
ASTM grade (PSI) Cond. A Step x step C€96/35/90 (seconds) Temp. (°C.) 


— N2T 14,000 0.0015 100,000 
(Teflon *) 


GB-12S - 0.002 100,000 


(Silicone) 


0.019 


GB-28EFR 0.010 100,000 


(Flame -Retardant E 


(Melamine) 


GB-261D 


(Phenolic) 


GM-PE 


(Polyester) 


These ore typical grades for typical applications. To meet special requirements, C-D-F makes many other Dilecto grades, one of which may serve your 
purpose better than any of these listed here. Consult the C-D-F Technical Department for expert assistance with your design problem involving laminated 
plastics products 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE Bunk! COMPANY « NEWARK 13, DELAWARE 
In Canada: Continental-Diamond Fibre of Canada, Ltd., 46 Hollinger Rd., Toronto, 16 Ont. 
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CLAREED Sealed Contact Reed 
relays put you...the designer... 
in the driver's seat. They are simple 
in design, flexible in assembly. They 
are packaged and mounted to com- 
ply with your mechanical design con- 
figuration . . . even on your own Cir- 
cuit board. CLAREED relays are ideal 
components for transistor-drive ap- 
plications, computers, data-process- 
ing and other high speed equipment. 
Contacts are hermetically sealed in 


PACKAGED TO MEET YOUR 
REQUIREMENTS 


.- 
Ta et Le 





PA 3 
F fi | inert gas. Tens of millions of opera- 
‘ : Be un ee ee ACTUAL SIZE NLC Malema Cla merle 
“4 as bi Ks, i | : P A rs 
= tamination is completely precluded. 
if TARA Basic element of tal ' 
rt y CLAREED relays is Hundreds of millions of operations 
THT this switch capsule. are possible when operated up to 4 
A pair of magneti- 
t hh inrmgienes un wes aa sumceied ae rated load. 
ing two switches, are mounted ir. tactsis hermeticall 
on a printed circuit board. } | sealed in an saad lf you use relays, it will pay you to know 
This assembly may be in- } he phere of inert gas. all about CLAREED...an entirely new 
serted directly into your equip- rm The capsule com- concept in relay design. Address C. P. 
ble? i le al ah | \ bines extreme sim- Clare & Co., 3101 Pratt Blvd., Chicago 45, 
er. aii oa ; ; 
se Sag ty re- Illinois. In Canada: C. P. Clare Canada 
iability and long kK ’ 
life. It has excellent Limited, Box Mes Downsview, Ontario. 
These six switches low-level charac- Cable Address: CLARELAY. Send for 
are clustered to teristics. Bulletin CPC-5. 


form the core of a 
single electromag- 
netic coil, and en- 
cased in a cylindri- 
cal steel container. 


CLARE 


When only the best is good enough 





BRAZING: 


gas or electric. 
RESISTANCE WELDING. 


MECHANICAL ASSEMBLY 
.». by riveting, spinning, 
upsetting. 


Your contact assemblies can cost less... . 


PROFIT BY MALLORY EXPERIENCE. In the forty 
years that we have specialized in contact development 
and production, we have learned a lot about how to 
work with the silver, tungsten and copper alloys that 
may be strangers in your shop. 


PROFIT BY MALLORY TECHNIQUES. Our assembly 
department is thoroughly familiar with many methods 
of contact assembly: mechanical joining by riveting, 
spinning, hot upsetting . . . resistance welding, includ- 
contact assembly. And because of ing wire welding, magnetic head welding . . . brazing 
our experience and facilities for methods, including torch, radiant gas, controlled 
attaching contacts to backing mem- atmosphere furnace, resistance and induction brazing. 
bers, we’re in unique position to We have developed methods for casting Elkonite* 
supply you with the best assembly materials on copper to eliminate brazing. 


method for your specific problem. PROFIT BY MALLORY FACILITIES. Because of the 
large and diversified contact assembly production we 
perform, we can maintain many types of specialized, 
highly automated production equipment. We can often 
recommend design modifications in your contact 
assembly to permit production at substantially 
lower cost. 


From the standpoints of price and 
performance, there’s always a best 
way to put together an electrical 
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....When Mallory makes them for you 


Mallory Contact Service gives you... 


BEFORE 


COST-CUTTING DESIGN ASSISTANCE. Typical ex- 
ample is the heavy duty assembly shown 
here. Original design called for 7 succes- 
sive operations, finishing with joining the 
contact to the bus by a screw. Brazing 
metal ran into the tapped hole, requiring 
costly retapping. Mallory recommended 
new design that involves only two opera- 
tions, resistance brazing contact facing to 
copper block, and copper to bus in a single 
brazing. Result: 8.41 man-hours saved 
per 1000 assemblies. 


CHOICE OF 147 DIFFERENT CONTACT 
MATERIALS . . . offering the exact 
combination of are erosion resist- 
ance (photo shows arcing test in 
Mallory lab), conductivity, hard- 
ness, strength, density and cost for 
your specific job. Included in this 
broad line are Elkonite® heavy 
duty materials, platinum and pal- 
ladium Elkonium® materials and 
many other silver, tungsten, molyb- 
denum and copper base materials. 


Mallory Metallurgical Company 
Indianapolis 6, Indiana 


= ivision of 
Find out for yourself how you can get better contact a awe 


assemblies for less money, by having us quote on 
your next job. Write or call for a consultation. Inc. & 
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CNI CONNECTORS 


Environmentally-sealed connectors of spe- 
cial value in aircraft and missile applications. 
2 shell sizes, 26 to 91 #20, 16 and 12 contacts; 


amilies of 
ULTRA-RELIABLE RACK & PANEL CONNECTORS 


94 SERIES ee 93 SERIES 


“wih, ee as 
= 


sasaatiatie 


~~ \ 


Up to 50 #20 crimp Poke Home 
: ; : contacts are available in the 93 
Expanding line of Poke Home con- a bak ad ee Rs Series, originally for missile appli- 
tact connectors. 15 to 63 #16 and 20 5 sa cations. —65°C to + 200°C. 
contacts; plus coax. connectors in : : 


2 inserts. —60°C to +125°C. 


{| 7 we 2 ® 
|; . BLUE ton 
3 ue Industry-wide standards for any R & P 


application where smooth mechanical ef- 
ac |RBON ficiency and never-fail electrical perform- 
ance are a must. 8 to 50 contacts. 


Miniaturized “ribbon” contact connectors 


offering increased reliability. 14 to 50 con- 
tacts. Proved in satellite applications. 


RECTANGULARS 


For many years these hard-work- 
ing connectors have given honest 
value in unsophisticated Rack & 
Panel applications. 11, 15 and 20 


M | N | ATU RES a j contacts. Housings and inserts. 


Miniature Hex. and Rectangular 
connectors are available in wide in- 
sert availability, feature AMPHENOL 
gold-plated contacts. 


CONNECTOR DIVISION 


1830 SOUTH 54TH AVENUE, CHICAGO 50, ILLINOIS 
Amphenol-Borg Electronics Corporation 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


Stuck? 


A good adhesive does a lot more than 
stick two things together. You can use 


ae 


_ eee 


today’s solvent-type adhesives to: 

¢ smooth out surface contours (as in 
brake linings and in jet aircraft skins, 
where adhesives can eliminate the 
need for projecting rivets) ; 


distribute stress uniformly over a 
surface, rather than concentrating it 
at welded or riveted points; 


build up large structural members 
from many small components; 


reduce galvanic action between dis- 


similar metals, and so lessen the risk 
of corrosion. 


One super-sticker in this class sets 
with only contact pressure and at room 
temperature; adheres very well to met- 
al, wood, phenolic laminates, glass, and 
rubber. Block shear tests show 4500 
psi at room temperature, and tensile 
strength is 10,000 psi. The cement has 
excellent resistance to all ordinary sol- 
vents, water, oils, alkalies, and acids; 
has high capillary attraction and does 
not shrink. 


We don’t make adhesives. We do make 
heat-setting phenolic resins that give 
many of the newer adhesives more grip- 
ping power and more permanence. 
Next time you have a fastening prob- 
lem, give these new solvent-type adhe- 
sives a Chance to show you what they 
can do. 


Stock insulation shapes 


This insulation idea solves three engi- 
neering problems at once in a dry-type 
transformer. You'd find the same ap- 
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proach helpful in a circuit breaker, a 
panel, or other heavy-duty electrical 
gear. 

See the plastic angle pieces (below)? 
[hey insulate the corners of the lam- 
inated steel core from the windings, 
at the high-stress areas. They take the 
place of roll-formed fiber. Advantages: 
1. Greater mechanical strength. This 

ends cracking or breaking of insula- 

tion when windings are forced into 
position. 


. Better resistance to moisture. The 
insulation doesn’t swell or shrink, 
maintains its dielectric strength un- 
der the clammiest conditions. 


. Higher heat resistance. The angle 
is made with glass-reinforced Het- 
ron,” our inherently heat-resistant 
polyester resin. It meets NEMA 
GPO-1 specifications, and has UL- 
recognized flame retardance. It is de- 
signed for equipment operating at 
Class B temperatures (266° F.). 


Now for the clincher. You can get 
flame-retardant structural insulation 


N WELDER AND FLEXOPRE 


For more information on Durez materials mentioned above, check here: 
Phenolic resins (12-page bulletin listing applications ) 


(] Hetron fire-retardant polyester resins (data file, including 


names of fabricators) 


] Durez plastics (Bulletin D400) 


Clip and mail to us with your name, title, company address. (When requesting 
samples, please use business letterhead) 


DUREZ pPLastics DIVISION 


1304 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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* What a solvent cement can do 
* Something new in electrical insulation 
* A bulletin on plastics 


like this from stock—in a wide range 
of cross-section shapes including 
channels, in widths up to 972 inches, 
lengths to 76 inches. 

You get them not from us but from 
the manufacturer, The Glastic Corpora- 
tion, 4321 Glenridge Road, Cleveland 
21, Ohio. The Glastic people will be 
glad to send you details on stock chan- 
nels and angles if you write to them. 


Facts without a file 


What does a man do when he wants 
to know more about Durez plastics? 

He looks in Sweet’s File. There he 
finds eight pages packed with the what, 
how, when, where, and why of using 
Durez materials—phenolic and diallyl 
phthalate molding compounds, Hetron 
polyester resins, phenolic resins. 

What if he hasn’t got Sweet’s File 
handy? He sends us the coupon below, 
requesting Durez Bulletin D400, The 
same fact-filled eight pages come to him 
posthaste. 


da 
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Moving electronic equipment? 


Trust everything 


Why you can } ~~ Extra safety for 
trust your high-priced 


ee ee F . f= These delicate measuring units will 
nie Riacens bh tnieaea ride from Chicago to the West Coast 
goods—and moves them on uncrated—in an Allied Van. They'll 
eshittiale Wan cnn eélan. travel—padded and strapped securely 
From start to finish the entire —in a special Allied Van with “air- 
responsibility is in the hands —— 4 suspension” springs ona fast, cross- 
of the world’s largest mover. ; country schedule. The shipper saves 
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to your Allied Man 


crating and uncrating expense. Look up your 
There'll be no time-wasting jarring Allied Man in your 
transfers en route. Delivery is depend- phone book 
able and on time. Moving extremely More people do, again and again. 
costly and fragile electronic equip- 

ment calls for great skill and experi- 

ence. In electronics moving, as on 

every other moving job, ‘You can 

trust everything to your Allied Man.” world's largest 


FREE FOLDER: Get the complete e 

story. Write for “Electronics-High Va ry Li re & 

Value Products Moving"’ today. Allied Van Lines, Inc., 25th and Roosevelt Road, Broadview, Ill, 
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SQUARE D's NV-l/ 
TERMI NAL BLOCKS — 


Bes cai -——_ ee ee ——- mn - - ~ — ee eh Ee iain 


MORE FLEXIBILITY, TOO! 


N OT! CE (above) how little space is 


required to remove or add a Square D 
channel-mounted terminal block to 
the completely assembled unit. Espe- 
cially important for a quick change 
when an additional terminal must be 
inserted into grouping. 


LOOK (at right)... 

Pe all sizes can be 
CHANNEL-MOUNTED mounted on same 
channel...25 am- 

pere pressure wire 

connectors, 25 to 

we aa Ee 50 ampere box lugs 
AOUNTED | ...all can be inter- 
locked together. 

Terminals in kit 

form to “do-it-your- 

self” or factory- 

assembled tostand- 

ard specifications. 


Ni é W .. fusible terminal block (below) 
for protection of solenoids and other 
single or three-phase loads. Mounts 
on same channel as regular terminal 
blocks. Available factory-assembled 
or in kit form for customer assembly. 


A 
| 


- 
pet) 


ASK YOUR SQUARE D FIELD ENGINEER 
or write for Bulletin which covers details on Channel- 
Mounted Terminal Blocks. Address Square D Company, 
4041 North Richards Street, Milwaukee 12, Wisconsin. 


aT 
ee 
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3 QUARE 7) COMPANY 


wherever electricity is distributed and controlled 
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SISDMEASAH  BOILK 


actual size 


NEW MINIATURE A.C. MOTOR 


high output for commercial use 


This a.c. synchronous motor costs you only about half as much as its 
miniature precision counterpart for military applications. In production 
quantities it is so economical that you can design it into good quality 
products that now use induction motors. And because you can put this 
bigger performance motor in smaller spaces, it gives you a head start 
in miniaturizing your design at the same time you improve product quality 

Vital statistics: This Type CMC motor has a starting torque of .7 oz. in 
and a continuous duty torque of .7 0z. in. at synchronous speed. It is 114 
in diameter by 25%” long, and weighs 61% oz. The shaft is precision ground 
stainless steel, supported by ball bearings. The epoxy-sealed design provides 
good resistance to normal environmental conditions 

lf you have hesitated to design with precision miniature motors in 
the past, now's your chance! 

The Globe motor line includes both a.c. and d.c, models. Globe is 
pleased to work with you to provide the exact motor you need for your 
commercial, competitive product. Please write for Bulletin CMC. Globe 
Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. BAldwin 2-3741. 


GLOBE INDUSTRIES, INC. Za] e]=j3 


PRECISION MINIATURE A.C @ D.C MOTORS. ACTUATORS, 
TIMERS, STEPPERS BLOWERS & FANS MOTORIZED DEVICES 
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- Preferred by Industry 


Ohmite component reliability has been proven over the years in the 
most critical applications. And Ohmite's new products—the result of extensive 
research and development—are built to the same tradition of quality. 


ee 


..OHMITE 


Request Catalog from 
Ohmite Manufacturing Company 
3637 Howard Street, Skokie, Illinois 
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RHEOSTATS 

eA SSSR aS 
PRECISION RESISTORS 
VARIABLE TRANSFORMERS 
TANTALUM CAPACITORS 
oN ees a 

RELAYS + R.F. CHOKES 
GERMANIUM DIODES 
MICROMODULES 


VELOCITY 
LVsyn 
DISPLACEMENT 


Models 580 (top) 
and 581 (bottom) 


Precision 
'l'ransducers 


FROM™ 


SANBORN 


Linear motion transducers available from Sanborn 
Company now include the compact, ready-to-use 
flange-mounted JJodel 580 and threaded 581 “‘probe- 
styles” for displacements as small as 0.00002 
thirty models (shielded and unshielded) of the rug- 
ged Linearsyn differential transformer for strokes 
from +0.005" to +1.0", displacements as small as 
0.000001" ... and twelve models of the LVsyn for 
producing a DC voltage proportional to a linear 
DISPLACEMENT velocity. Features of the 580 —581 probe-style units 


Linearsyn include 0.5‘. linearity; basie sensitivity at 2400 eps 


of 2.4 volts output inch displacement volt excita- rs < 
tion; built-in output level adjustment, phase shift - 
and temperature change compensation; carbide- ee ] 
tipped stainless steel contact rod riding in jeweled ; wh 
bearings. Both the LVsyn and Linearsyn trans- a? 
ducers are extremely durable units, immersible in xg 
working fluids, introduce little or no friction, and PRESSURE 
have infinite resolution. Standard Linearsyn coil a ewe 

se a; Series 267, 268 
lengths range from 0.564" to 6.88", LYsyn coil 


lengths from 3.16" to 22.75". 

For differential and single-ended pressure meas- 
urements, Series 267 and 268 transducers for opera- 
tion in a carrier system offer sensitivities of 40 uv 
mm Hg volt excitation and 40 uv/0.1 mm Hg volt 
excitation. Compact, Monel cases have standard 
Luer connectors. 


: Contact your local Sanborn Sales-Engineering Repre- 
for long stroke, high pressure, sentative for bulletins containing complete facts or 


high temperature requirements eee write the Sanborn Industrial Division in Waltham. 
Sanborn Sales-Engineering Representatives are located 


s al-order LVsyn and Linearsyn dis , » . 
pecial-o y y in principal cities throughout the U. S., Canada and 


placement transducers can be supplied. s 
2 ‘ountries 
Strokes up to 20" are possible pressure foreign countries, 
ratings up to 5000 psi, when transducer is 
submerged ina high pressure medium... 4 A N B oO R N Cc oO Mi PA N VY 
Operating temperature ranges as wide as 
65°F to +450°F. Consult factory, stating INDUSTRIAL DIVISION 


your requirements. 175 Wyman St., Waltham S4, Mass. 
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[PRECISE] HARDNESS CONTROL 


SOARAAAOANOANAMMOMNA 


to your specifications with 


J&L Cold Rolled Strip Steels 


Variations within standard commercial limits of hardness 
for strip steels may not provide the quality needed for 
most critical applications. 


At J&L the newest equipment and techniques are used to 
provide controlled hardness—to your specifications. 


Basic oxygen furnaces, high standard open hearth prac- 
tice and electric furnaces provide optimum melting con- 
ditions, new hot strip mills are specifically designed to 
produce the finishing temperatures needed for inherent 
quality. Cold mills, annealing and normalizing furnaces 
and other equipment are designed specifically for preci- 
sion strip steel processing. 


With an organization experienced in specialized strip steel 
processing, your most rigid specifications can be met 
consistently. 


WA For your convenience, precision strip facilities 
are available to you in our plants at Youngstown, 
Indianapolis, Los Angeles and Kenilworth (N. J.) 
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The small unit rotary annealing method assures precision temperature 
control and develops optimum hardness and microstructure for high 
carbon, low carbon and alloy strip. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL * ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION « Youngstown 1, Ohio 





. Harp, Houston, Texas District Office Manager, Reliance Electric and Engineering Company 


“This new Duty Master goes three vital 
steps ahead in open motor protection. 


**Right now the big story on open motors is 
encapsulation, for new protection against dust, 
dirt, acids, water and other contamination, in- 
doors and out. The Reliance story adds something 
more. 


“*As step 1, read why Duty Master’s ‘thixotropic’ 
process gives you better heat dissipation without 
cracking . . . in contrast to the thick, monolithic 
mold encapsulation now applied to other open 
motors. This is a definite design advance. 


“‘As step 2, read about a new protective film coat- 


ing of rotor and stator—to stop rust and ‘freez- 
ing’ in the air-gap. Another Reliance advantage. 


‘“‘As step 3, get the story on complete shield- 
ing and water-repellent lubrication of bearings. 
Reliance design does the trick. 


‘The facts on the opposite page tell you all about 


Duty Master’s complete open motor protection. 


‘“You buy more than a motor when you buy this 


exceptional Duty Master.” B-1660 





Duty Master encapsulated windings 
are not in a molded, monolithic 
block as many motors are. The 
epoxy resin is vacuum impregnated 
into the windings, penetrating com- 
pletely and forming a solid mass 
following the contour of the wind- 
ings at a uniform thickness of 4% 
inch. Better cooling results because 
there is no bulky mold to inhibit 
dissipation of heat; further the epoxy 
supports the expansion of copper 
and iron without cracking. Method 
provides maximum flexibility, tensile 
strength, bond strength and still 
maintains resistive strength. 


Cast iron conduit box is threaded . . . has neoprene 
gasket providing a liquid-proof seal. Leads are 
individually held by molded pressure knobs num- 
bered to correspond with wiring diagram. Box 


Bearings are double shielded — 
a slinger on the outside and a 
moisture -resistant inner cap 
keeps out water and other 
contaminants. Bearings are al- 
so prepacked in a special 
lithium-base grease, which not 
only prevents rust, but will not 
wash out. Reliance’s exclusive 
‘‘Metermatic’”’ lubrication sys- 
tem automatically meters 
correct amounts of grease to 
bearings from a large reservoir, 
and as the diagram shows, 
puts grease on both sides of 
the bearing. 


may be rotated to suit customer’s convenience. 


On these applications, the air 
gap between stator and rotor 
is a highly vulnerable area. . . 
consequently we took steps to 
prevent problems which would 
impair operation of the motor. 
Reliance devised a protective 
film to coat rotor and stator 
laminations and to remove the 
possibility of rust or ‘freezing.’ 
This film stays put . . . water, 
dust, dirt, or acid won’t affect 
it . . . and it marks another 
step in over-all oper: motor 
protection. Downtime and 
maintenance costs are cut. 


a Magi 


All motor bolts are zinc plated, hex-head . . . resist 
corrosion and assure positive wrench grip. Contact 
edges of end shields are greased to assure a 
completely tight seal. 


Your Reliance Sales Engineer has all the details. Get in touch with him at the nearest office, 


or write us for Bulletin B-2108. 


Product of the combined 


resources of 


Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


RELIANC 


ELECTRIC AND 
ENGINEERING CO. 


DEPT. 274A, CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 


Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems, 
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Good things begin to happen 
when you use motors with built-in 


KLIXON TOTAL 
PROTECTORS 


‘You You reduce 
Eliminate | costly repairs 


Motor and 
Burnouts replacements 


You give 
your product 
greater 
reliability 


You 
Safeguard 


Customer 
Goodwill 


Manufacturers and users of motor-driven equipment can elimi- Klixon Total Protectors available to meet your exacting 
nate motor burnouts in their products simply by specifying on their protection requirements against these conditions: 
motor purchase order . . . ““These motors to have KLIXON Total ee 
Protectors.” 2. rid stor normal voltage such as caused by mechanical 

Built-in as an integral part by the motor manufacturer, KLIXON failure of driven load : 

Protectors permit safe maximum output without failure under . Locked rotor caused by low voltage where decreased 
abnormal conditions . . . reduce repairs and replacements. torque is insufficient to start load. 

For example, a recent repair shop survey shows that pump gon at ee ae hpegen pi wes ar ae 
motors with built-in KLIXoON Protectors reduced motor burnouts : (Riedel aiden Cle thant Waa aiale te shine, widen Gat 
by 63.9° De resulting from an open main winding circuit or open circuit 

Protect your motor driven equipment by using motors with built- edad ness: alate 
in KLIXON Protectors. The additional cost is low . . . the savings ; — “ea ae ee. ae ae 
high. Ask your motor supplier for complete information or write vo iene aaah eae reaching switchover speed. 


for Bulletin MOPR4. 
oO 
espe tasnetraree TEXAS INSTRUMENTS 
overheating and burning INCORPORATED 
® 


1. Running overload with or without high ambient or ventilation 


out with KLIXON PROTECTORS METALS & CONTROLS DIVISION 
3604 FOREST STREET ° ATTLEBORO, MASS. 


SPENCER PRODUCTS: Klixon® Inherent Overheat Motor Protectors « Motor Starting Relays »+ Thermostats « Precision Switches + Circuit Breakers 
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PUTTING MAGNETICS TO WORK 


Open your eyes to new amplifier designs! 


See how to combine tape wound cores and transistors 
for more versatile, lower-cost, smaller amplifiers 


Tie tape wound cores and transistors into a magnetic- 
transistor amplifier, and open your eyes to new design 
opportunities. 

‘To start with, these are static control elements—no mov- 
ing parts, nothing to wear or burn out. Next thing you 
find is that you reduce components’ size—your amplifier 
is smaller and costs less. That’s because between them 
the core and the transistor perform just about every cir- 
cuit function ... and then some. 

For instance? The core has multiple isolated windings. 
Thus you can feed many inputs to control the amplifier, 
‘The core also has a square hysteresis loop, and thus acts 
as a low loss transformer. That means you save power. 
In addition, the core can store and remember signals— 
so time delay becomes simple. 
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There’s no need for temperature stabilization, either, 
The transistor acts only as a low loss, fast, static switch— 
and in this function it has no peer. 


How do you want to use this superb combination? As a 
switching amplifier—or a linear one? In an oscillator? 
A power converter (d-c to d-c or d-c to a-c)? You'll have 
ideas of your own—and if they involve tape wound cores, 
why not write us? Ours are Performance-Guaranteed. 
Magnetics, Inc., Dept. EM-81, Butler, Pennsylvania, 


MAGNETICS inc. 
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But RBM “Customer-izes” This Quality Basic Relay 


The RBM 98000 Series AC or DC Relay is capably 
performing such a variety of tasks you might think 
you were seeing double. Truth is, there are so many 
different contact forms, ratings and terminal varia- 
tions...all regular production items at RBM... 
that the 98000 Series has been “‘customer-ized”’ to 
fulfill almost every conceivable requirement. RBM’s 
vast background of application engineering frequently 
can serve you with design shortcuts like this... and 
at low cost when delivered in volume. 


BUT THAT IS ONLY PART OF WHAT RBM 
CAN DO to save your time, your nerves... and 
your company money. RBM has the development 
engineering staff and the manufacturing facilities to 
assist on any control problem. No matter if it is a 
present problem, or one in the development stage. 
When the application can best be served by an ex- 
isting RBM control, we will find the right one. If a 
special control or complete system is necessary, RBM 
will engineer and develop it. 


OTHER ESSEX ENGINEERED CONTROL COMPONENTS 


Wire and Cable 


A complete line of appliance 
wiring material, radio, tele 
vision and electronic hook-up 
wire, 200° C high temperature 
Sil-X wire, automotive wires 
and cables, and flexible cords 


Essex Industrial 
Wire Products, 
Wire and Cable Div. 
Essex Wire Corp. 
Marion, indiana 


Coiled Cords, Cord Sets 


Plastic and rubber power sup- 
ply cords. Terminations of all 
types (molded plastic and 
rubber). Complete line of 
Coiled Cords in HPN, Type SP 
and Types SV, SJ; covering 
full appliance range 


CORDS, LTD. 


Wire and Cable Div. 
Essex Wire Corp. 
DeKalb, illinois eo 


Industrial Plastics 


Flexible and rigid vinyl ex- 
truded shapes and foam cus- 
tom designed and volume 
manufactured to meet your 
exact needs. Now producing 
for a variety of industrial ap- 
plications. 


Carolina Indust:ial 
Plastics Div. 
Essex Wire Corp. 


Mount Airy, North Carolina 


ELECTRICAL 
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These component production variations 
perform a variety of tasks. 


3 MOUNTINGS 
4 CONTACT ASSEMBLY 


& CONTACT 
TERMINALS 


“i ¢ 6 CONTACTS 


& DS 


for Low-Cost Solutions of Many Control Problems! 


| These are exclusive high quality design features of the RBM 98000: 
For engineering help on the most efficient Many are listed by U/L File No. E12139 or No. £22381. 
and low cost solution of any control problem, 
consult your local RBM Application 
Engineer or send specifications direct. 


Varieties of coil terminals available; solder, quick connect or 
leadwires. 

Simplified magnet frame and armature assembly provides ef- 
ficient, positive action. 

Variety of mountings available. 

Pressfit contact pile-up eliminates drift; assures contact 


RBM-ESSEX SALES OFFICES stability. 


Birmingham, Ala. Hartford, Conn Minneapolis, Minn. St. Louis, Mo. or leadwires. 
Chicago, III. Hillsdale, Mich Newark, N.J. San Francisco, Cal. 
Cleveland, Ohio Kansas City, Mo Omaha, Neb. Seattle, Wash. 
Dallas, Texas Louisville, Ky. Orlando, Fla. Springfield, Il. 
Dayton, Ohio Los Angeles, Cal Phoenix, Ariz. Tulsa, Okla. 


Dependable cross-bar contacts available for low voltage and/or 
low current circuits. Also power contacts available to 15 amps. 
on same relay. 


Fert Wayas, iad. Memphis, Teas. Pittsburgh, Pa. Windsor, Ont., Cea. Also available is the RBM 97000 Series Relay, providing 
additional coil power or greater sensitivity. 


| 
| 
| 
| 
| 
| 
| 
| 
Atlanta, Ga. Fort Worth, Texas Milwaukee, Wis Rochester, N.Y. Varieties of contact terminals available; solder, quick connect | 
| 
| 
| 
| 
ol 


For further specifications write for Bulletin 1060. 


HH RBM Controls Division 


Essex Wire Corporation, Logansport, Indiana 
Factories located at North Manchester and Logansport, Indiana 
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Precision 
in Small 
Packages... 


Series “SM” 


iN 


a ake 
Van 
i 


. el Lire tl 


Series “V3 


Series “TB” 


All basic switches shown 
approximately actual size. 


Series ‘‘1SX”’ 


The actuators which form the back- : 
ground on this page are only a few eee 
of the hundreds available for these 
MICRO SWITCH Basic Switches. MICRO 
SWITCH engineers can help you 
choose not only the right switch, 
but also the right actuation meth- 
od for your particular application. 
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HONEYWELL 


Start with the Best 
in Basic Switches! 


When design dimensions get you thinking small, don’t 
let that carry over into the consideration of switch 
quality. MICRO SWITCH Basic Switches consistently save 
you space, but never at a sacrifice in precision and reli- 
ability. Start with the best and be sure of the exclusive 
MICRO SWITCH spring and anchor designs; get the pro- 
tection of materials testing “by the inch” and operational 
tests that exactly duplicate the conditions under which 
your switch must operate. You also get more years of ex- 
perience for design consultation because MICRO SWITCH 
pioneered the subminiature switch industry. Variations 
on these basic switches number in the thousands, includ- 
ing those designed to meet military standards. You'll find 
it easy to select exactly the right answer with the prompt 
help of the nearby MICRO SWITCH branch office listed in 
the Yellow Pages. 


This 72-foot control panel monitors tests where your operat- 
ing methods and environmental conditions can be dupli- 
cated exactly for millions of switch operations. 


H| micro switcu Precision Switehe 


TYPE “Z" AND “A”’ BASIC SWITCHES 


These are the original basic switches that 
were the pioneers in small snap-action pre- 
cision switches. Today hundreds of varia- 
tions serve with precision and reliability in 


thousands of jobs throughout industry. 
1940 


TYPE “V3” BASIC SWITCHES 


+7. as Miniature size with very high electrical 
62s | | capacity. The “V3 Series includes many 
| k I different types of terminals, contact arrange- 
~~ WEF ments, and materials for a wide range of 
1000 + operating temperatures. 

“S40 


TYPE “TB” BASIC SWITCHES 


These are small, two-circuit double-break 
switches for controlling two isolated cir- 
cuits. They save space and weight, allow 
flexibility and simplicity of circuit design. 


TYPE “SM” BASIC SWITCHES 


“SM” Subminiature Switches bring MICRO 
SWITCH precision to applications where 
space and weight limitations are critical. 
Many different “SM” types are available 
to meet varying requirements for high- 
temperature applications and long operat- 
ing life. Special gold or bifurcated contacts 
are also available. 


TYPE “‘1SX"’ BASIC SWITCH 


This sub-subminiature is the smallest single- 
pole double-throw snap-action switch avail- 
able. Despite its tiny size it combines long 
operating life with ample electrical capac- 
ity. This is a perfect example of MICRO 
SWITCH precision in space-saving sub-sub- 
miniature size. 


Write for New Catalogs 62 and 63 
on Small Basic Switches. 


MICRO SWITCH . . . FREEPORT, ILLINOIS 


A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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Torrington Drawn Cup Roller 


Bearings Used in Valiant’s Alternator 


Compactness, efficiency, economy, reliability ...these are outstanding 
features of Chrysler Corporation’s exciting new small car...and of 
Torrington Drawn Cup Roller Bearings. Used by Chrysler in the Valiant’s 
new alternator system for electrical power generation, these bearings 
provide smooth, trouble-free operation and long service life without need 
for relubrication. 

Torrington Drawn Cup Roller Bearings offer performance advantages 
in all types of generators and appliance motors. The cost is remarkably 
low ...in many cases, armature bearing costs have been lowered by as 
much as 50%. For advice on the application of Torrington Drawn Cup 
Roller Bearings to your specific problems, call or write your nearest 
Torrington district engineer. 


Armature-mounted Torrington Drawn 
Cup Roller Bearings offer these out- 
standing advantages: 


* Highly efficient roller guid- 
ance 


* Ample provision for lubricant 
storage and circulation 


¢ High capacity in small cross 
section 


* Long pre-greased service life 


* Outstanding efficiency at 
high speeds 


* Easy mounting by press fit 
* Simple housing design 


* Low unit cost 


TORRINGTON BEARINGS 


Torrington, Conn. *« South Bend 21, Indiana 


progress through precision 


THE TORRINGTON COMPANY 
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Century's compact IR 48-frame gearmotor driving live roll 
conveyor to the top of pallet loader. 


Loaded pallets being picked up by lift truck. Century 1R66 
$C66, %, horsepower gearmotors drive empty and loaded 
pallet conveyors. 


A Century 1R64 SC64 gearmotor with brake (in upper 
left of picture) raises and lowers pallets from empty pal- 
let conveyor to loaded pallet conveyor. 


Century gearmotors load, 
stack and convey thousands of 


soft drinks per day 


Century Electric’s single-reduction, right-angle gear- 
motors are built right into the versatile pallet loader 
shown here. Thousands of bottles of soft drinks a day 
are conveyed, stacked, loaded onto pallets and con- 
veyed to fork lift trucks by Century’s gearmotors. 


Century gearmotors, with silicon bronze worm gears 
and hardened high-grade steel worms, are designed 
and built to withstand sudden shocks and overloads 
in applications such as this pallet loader. Motor shafts 
are not affected by operational strains because mount- 
ing feet are an integral part of the housing (except the 
IR 48-frame). Also, motor shafts are carried on ball 
bearings and output shafts run in tapered roller 
bearings to withstand sudden shocks. 

All-angle oiling design assures complete lubrication. 
Worms or worm gears dip into oil, no matter how the 
gearmotors are mounted. 

The gearhead on the IR 48-frame gearmotor (Pic- 
ture No. 1) can be assembled in four different positions 
in relation to the motor, and the motor can be mounted 
at any angle. The new 1R 48-frame gearmotor is also 
very compact. With it you can reduce the weight of 
your product by as much as 20 pounds. 

For more information about Century’s complete 
gearmotor line from 4 to 125 horsepower, call your 
nearest Century Sales Office. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 
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/F CUSTOM PARTS 


ARE YOUR PROBLEM 


Sylvania can solve it with complete QC™ service 


Helps you with completely objective recommendations Provides superior quality parts. Sylvania utilizes the 
for your parts. Sylvania is backed by long experience in most modern equipment available, and its experience in 
metals, plastics, welds and assemblies, can produce parts tooling means better quality at lower costs for finished 
utilizing a wide range of equipment. parts. In addition, Sylvania practices preventive mainte- 
Offers design assistance that can often improve the nance for dies and equipment to assure you precise uni- 
quality of your part, lower production costs. formity and uninterrupted production. 


MOLDED 
FROM PLASTIC 


Sylvania offers “total’’ low 
piece prices. Reason? It op- 
erates probably one of the 
most complete lines of mod- 
ern automatic molding 
equipment in the world for 
compression, injection and 
transfer molding. Its bank 
of rotary presses can pro- 
duce more than a million 
parts a day, is ideally suited 
to phenolics and urea, and 
assures minimum cost for 
simply designed plasticparts. 
Results: your plastic parts 
in volume — are produced 
quickly and at low cost. 
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FORMED FROM METAL 


Sylvania maintains custom metal stamping facilities, can produce millions of 
precision-made parts each day from all types of metal. The scope and flexibility 
of these facilities mean that it can deep-draw eyelets, shells, cups and ferrules. 
What’s more, a battery of multi-slide machines can produce more than 2 million 
parts daily. Vertical presses can meet daily production needs of 2 million parts. 
And special, Sylvania-developed machines can produce great quantities of small 
wire and ribbon forms as well as wire cuts and leads. 

Results: Sylvania can supply the parts you need—in high production quantities — 
of top quality—and at lower cost. 


CUSTOM WELDED 


If your part is standard- 
sized, miniature or submini- 
ature, welded assembly is a 
Sylvania specialty. To help 
meet your custom assembly 
needs, Sylvania has devel- 
oped new high-speed, high- 
volume welding techniques, 
advanced welding equip- 
ment, automatic and semi- 
automatic, and a corps of 
trained specialists. 

Result: Sylvania welded as- 
semblies assure high-quality 
electrical and mechanical 
contact, mirror-image uni- 
formity, low cost. 


*QC MEANS QUALITY CONTROL! 


CUSTOM ASSEMBLED 


Many of our customers have analyzed their 
parts assembly needs. And they have dis- 
covered that Sylvania can often deliver a 
completely assembled and packaged prod- 
uct— using either all Sylvania components, 
all customer components or both—at lower 
cost than is possible within the customer’s 
own facilities. 

Result: If your product is small, the parts 
predominantly plastic and metal, and the 
quantities 50,000 or more, it pays to have 
Sylvania assemble it. 


Sylvania maintains a complete quality control department to assure that parts are made to your 
exact specifications. This control works for you throughout the manufacturing cycle. It’s just 


one more way you benefit when you have Sylvania on the job. 


For full details or a quote, write Sylvania Electric Products Inc., Parts Division, Warren, Pa. 


SYLVANTA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS (ex) 
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SPEEDING UP ASSEMBLY LINE WITH 


LEIN evectronic Pliers 


SHEAR CUTTING hg 
PLIERS PLIERS 


Inthe rapidly growing field 
of electronics, there is an 
increasing need for highly 
specialized pliers. While 
you're using a plier de- 
signed to do a particular 
job, not only is assembly 
speeded up but better per- 
formance is assured. 

Our own engineers, 
working with electronic 
manufacturers, have de- 
veloped many pliers that 


MIDGET serve the specialized needs OBLIQUE 
f this field. 
PLIERS OF this held CUTTERS 


On this page are shown 
a few of the many pliers 
available in the complete 
Klein line. 


— <= WRITE FOR CATALOG 


If you do not have a copy of the new 

321-4% Klein Catalog 103A illustrating and 
describing Klein Pliers, write for a copy 
It will be sent without obligation 


ASK YOUR SUPPLIER 
Foreign Distributor: 
International Standard 
Electric Corp., New York 


224-4%4 


A QF |: 


Pe ee ee eS 
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Synthane makes 
laminated 


PROLeMmachey ator nnets 
OE Rates 


We'll make ONE or ONE MILLION for you 


tools and skills keep it low. Call your 


Regardless of the nature of the piece 
or of the quantity, it is usually good 
business to let us fabricate your lam- 
inated plastics part or parts. 

We have the material in stock or 
can make it quickly, including any 
modifications necessary to improve it 
for your purpose. You save time. You 
have no decisions to make on toler- 
ances, dimensional allowances, clear- 


You furnish the print 
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ances on tools, or speeds and feeds to 
use. Spoilage is not your concern. 

Since we make our own special 
tools, dies or jigs, they are our design 
problems, not yours. It may be pos- 
sible to save money by molded- 
laminated or molded-macerated pro- 
cedures. We’ll tell you. 

All you have to do is pay the bill. 


And this is painless because special 


we'll furnish the part 
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Synthane representative in any 
principal city 
write Synthane 


Road, Oaks, Pa. 


for a quotation or 
Corp., 17 River 


CORPORATION OAKS, PENNA. 
Sheets « Rods « Tubes « Fabricated Parts 
Molded-laminated « Moilded-macerated 
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ee HTT Cp 
NCSI [e 
electrical grade 
MUN CMTE) Ie 
eA 
Ha) lel 

“SCOTCH” Brand Electrical Tape No. X-1113 A new product of 


is specifically designed for insulating all 

fine-wire components. Non-corrosive; high 3M Research | 
electric strength; very good mechanical » 
strength; highly conformable with minimum 

build-up. Write for complete information: 

3M Co., 900 Bush Ave., St. Paul 6, 

Minn., Dept. EAP-40. 


“*SCOTCH’* IS A REGISTERED TRADEMARK OF 3M CO., ST. PAUL 6, MINN, EXPORT: 99 PARK AVE., NEW YORK 16. CANADA: LONDON, ONTARIO 


Electrical Products Division Mienesora fininc ano ]fanuracturine COMPANY aan ey 


«++ WHERE RESEARCH tS THE KEY TO TOMORROW SM 
PPS 
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Rollpin won’t mushroom or telescope 


There are no installation or removal prob- 
lems with Rollpins. Because of their column 
strength they can be readily driven with a 
hammer, removed with a punch without 
bending or collapsing. Of course production 
line tooling such as an arbor press, a pneu- 
matic hammer... even a hand riveter.. . 
is ideal for Rollpin insertion. 


Rollpin won’t damage or enlarge hole 


With smoothly chamfered ends providing 
an easy lead-in, Rollpin is compressed into 
complete conformity with the shape of the 
hole. The exclusive, v-shaped, coped corner 
design eliminates possibility of damage to 
the hole walls. They prevent any possible 
scoring action as the pin is driven and in- 
sures uniform insertion and removal char- 
acteristics. The benefit to you: the same pin 
can be reused in the same hole. 


ONLY ROLLPIN OVERCOMES ALL THESE FASTENING PROBLEMS! 


Rollpin exerts EVEN pressure 


In some fasteners, only a portion of the fas- 
tener shaft does the actual holding. Rollpin, 
however, exerts a uniform pressure around 
the entire inside surface of the hole—giving 
you maximum holding power and superior 
resistance to vibration. 

Split tubular construction assures uni- 
formity of heat treatment that is difficult to 
obtain with spiral types of pins; there is an 
even plating “throw” inside the pin as well 
as outside — for superior corrosion protec- 
tion; there are no thin edges susceptible to 
damage. 


ONE TYPE of Rollpin does EVERY TYPE of job 


Versatile Rollpins will replace at least 12 
different types of fasteners. Every Rollpin 
can be hopper-fed, can be installed with a 
single operation. They are available, from 
stock, in a wide range of lengths and in 
diameters from 1/16” to 1/2”. Manufac- 
tured from carbon or corrosion resistant 
steels and beryllium copper. 


0 i Dept.R59-422, Elastic Stop Nut 
® Corporation of America Title a 
* () Please send me ROLLPIN a 


samples 


ELASTIC STOP NUT (] Please send me ROLLPIN Street Scout 


bulletin 


CORPORATION OF AMERICA LL 
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How General Electric's za czao motor gives you MORE THAN A MOTOR... 


IT’S 10 TO 1 THE MOTOR YOU 
NEED IS IN THIS PICTURE 


Good odds, aren’t they? 

And true. The Tri Clad ‘55’ motor constructions 
shown above will meet an estimated 91 percent of all 
applications for small integral-hp motors. Add to this 
literally thousands of electrical variations possible and 
you can see: There’s an exact Tri/Clad ‘55’ motor for 
your application. 

You may choose the rugged, versatile Tri Clad ‘55’ 
standard motor. Or, if yours is a special application, 
there’s a complete line of industry-specified motors to 
choose from. Also, G-E engineers will help you tailor a 
Tri Clad ‘55’ motor to meet unusual requirements. 


Why not investigate the full line of General Electric 


Tri Clad ‘55’ motors today? You’ll find Tri Clad ‘55’ 


motors give you more than a motor... in out- 
standing performance characteristics and many unpaid 
for ‘‘extras.’”” Contact your nearby G-E Apparatus 
Sales Office or write Section 840-29, General Electric 
Co., Schenectady 5, N. Y. 


Other ''More Than A Motor”’ Benefits of G-E Tri/Clad 
‘55’ Motors: On-time Delivery e Expert Application 
Aid e Fast, Local Backup Service e Constant Design 


Innovation e Durable, Long-life Performance. 


GENERAL @@ ELECTRIC 





application. 


FULL LINE of Tri/Clad motors includes: (A) Footed dripproof, 

polyphase (B) C-face, close-coupled pump (C) Explosion-proof, 

non-vent (D) TEFC (E) Vertical, hollow-shaft (F) Vertical, solid- 

shaft, P-base, single-phase (G) Vertical, solid shaft, P-base, poly- a 

phase (H) Enclosed, air-over (I) Single-phase, general-purpose 

(J) Hydraulic pump (K) Dripproof, resilient base (L) Single-phase, A GENERAL ELECTRIC APPLICATION ENGINEER, working 
farm motor (M) Explosion-proof, fan-cooled (N) C-face, round with your engineers, can provide valuable assistance in 
frame (O) Brake motor (P) Enclosed nonventilated, polyphase helping you solve unusual motor application problems. He 
(Q) TEFC, severe-duty (R) Thinline, enclosed (S) Fan-cooled, can bring years of integral-horsepower motor experience 
single-phase. All give Tri/Clad ‘55’ motor quality. and knowledge into action for you. 








Ua Nada 
SWITCHING TRANSISTORS 
TYPE 2N901 


Typical Maximum Units 
Rise Time (t,) 9 18 msec Also available as special type 2N501A for 
Storage Time (t,) 9 12 msec 100° C. maximum storage and 
Fall Time (t,) 7 10 musec junction temperatures. 


In circuit with current gain of 10 and voltage turnoff. 


This table tells the story. Sprague Type 2N501 germanium micro-alloy diffused-base 
transistors are the fastest mass-produced transistors available anywhere! They are 
unexcelled for high-speed computer applications. The ultra-low rise, storage, and 
fall time cannot be matched by any other transistor. 


Ultra-precise process control in manufacture results in superb and consistent high 
quality. The basic electrochemical process of fabrication takes the guesswork out of 
transistor manufacturing. The result is outstanding uniformity of product. 


Because of the electrochemical process, Sprague is able to fabricate a graded-base 
transistor with no intrinsic base region. The Type 2N501 can thus maintain its super 
high-speed switching characteristics right down to its saturation voltage, providing all 
the advantages of direct-coupled circuitry with no impairment of switching speeds. 


Type 2N501 Transistors are available from Sprague now at extremely reasonable 
prices. They are transistors you can use today! You need not delay your development 
work for the future when you design high-speed switching circuits with Type 2N501 
Micro-Alloy Diffused-Base Transistors. 


Write for complete engineering data sheet to the Technical Literature Section, 
Sprague Electric Company, 307 Marshall Street, North Adams, Massachusetts. 


Ye . . . . . 
oN Sprague micro-alloy, micro-alloy diffused-base, and surface barrier transistors are fully 
licensed under Philco patents. All Sprague and Philco transistors having the same 
type numbers are manufactured to the same specifications and are fully interchangeable. 


R 
SPRAGUE COMPONENTS: i) 
TRANSISTORS + CAPACITORS + RESISTORS 


MAGNETIC COMPONENTS « INTERFERENCE FILTERS 


PULSE NETWORKS «+ HIGH TEMPERATURE MAGNET the alot a4 of reliability 
WIRE +« CERAMIC-BASE PRINTED NETWORKS 


PACKAGED COMPONENT ASSEMBLIES 
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On Keeping an Open Mind 


Most oF us have become immune to miracles. 
We are inundated by them: there are the “mir- 
acle” electronic devices and the “miracle” drugs 
and the “miracle” computing machines and (in 
the words of Rogers and Hammerstein) all the 
other “one hundred-million miracles.” 

To this vast array we would like to add just 
one more (very special) miracle. It is positively 
the last, for it is the miracle that is all miracles. 
It is the miracle of the not-yet-discovered and 
the not-yet-invented, the miracle of the not-yet- 
known and the not-yet-tried, the miracle of the 
not-yet-experienced and the not-yet-achieved. 

It is the miracle of the induction of electric 
current, even before Faraday discovered it. It is 
the miracle of penicillin, even before Flemming 
observed his mould. And it is the miracle of the 
governor, even before Watt invented it. 

It is the miracle of all the mathematics we 
have yet to learn, and all the machines we have 
yet to build, and all the “human use of human 
beings” we have yet to realize. 

In short, it is the continual miracle—the 
vision—that appears to those who have the 
catalyst that makes it happen: an open mind to 
discern a pattern where others have seen only 
chaos, to perceive with clarity what to others 
has been shrouded by the density of fog, and 
to find irresistibly fascinating peaks where others 
have trudged along a plain of monotony. 

Newton must have had the catalyst of an 
open mind when he perceived the law of gravity 
in a falling apple, and Franklin must have had 
it when he saw electrical power in lightning, 
and Eratosthenes when he discerned a pattern 
for finding prime numbers in a series of integers. 

The miracle that is all miracles lies open 
before all of us. For Boole’s algebra of logic 
has always been, and circuits did not behave 
differently before Shannon’s open mind saw an 
application no “practical” man had seen before 
in Boole’s “abstract” ideas. 


The key to the miracle that is all miracles is 
a mind open for discovery, empty of prejudice, 
unwilling to without understanding, 
filled with curiosity to “find out,” eager to 
learn for the fun of learning, and to know for 


absorb 


the joy of knowing, ready to question any “fact”, 
however firmly established, until it is proved 
a superstition to be discarded or a truth to be 
cherished, refusing to follow rules learned by 
rote, and demanding to find a pattern by under- 
standing principles. An open mind can _ see 
mathematics as a system of thought that is fas- 
cinating (as well as useful) and quite compre- 
hensible. An open mind will not be satisfied with 
a presentation of mathematics as a vast collec- 
tion of techniques full of “cook-book” rules, 
which are “illustrated” by examples containing 
irrational arrays of odd markings. An open 
mind will want to understand the principles and 
the symbols and find in mathematics the funda- 
mental science which unifies and systematizes all 
reasoning. Such a mind will find in logic not 
the ivory tower entombing the esoteric pro- 
nouncements of impractical philosophers, but a 
system of reasoning. 

In this month’s Science & Engineering article, 
the principles—few in number and so simple 
that they seem self-evident—are presented, which 
are the source of everything in pure mathematics 
and formal logic. Pure mathematics, says Ber- 
trand Russell, is the same as formal logic, and 
it “consists entirely of assertions to the effect 
that, if such and such a proposition is true of 
anything, then such and such another proposi- 
tion is true of that thing.” And the “thing” may 
be numbers, or algebraic symbols—or circuits. 
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Distributed-Parameter Networks 


Sandwiched layers of conducting, dielectric and resistive films 


brought out to terminals to provide flat-film distributed cir- 


cuit elements are a logical extension of the component concept. 


In addition to microcircuit applications, the distributed net- 


work has possible characteristics unobtainable with lumped ele- 


ments. The basic analysis of simple networks is demonstrated. 


Royat Rapar EstaslisHMENT* 
England 


THE ELEMENTAL COMPONENT obtained by the use of 
flat films may be depicted as in Fig. 1, showing the 
development from the single R-C filter through cas- 
caded lumped sections to the distributed unit. Obvi- 
ously, by changing the terminal connections of Fig. lc, 
one may achieve various types of 4-terminal networks; 
by applying open- and short-circuit conditions, a new 
class of 2-terminal components is made possible. The 
three possible 4-poles and the four practical 2-poles are 
shown in Fig. 2. 

As a first approximation of frequency-response charac- 
teristics, it appears that the circuits of Figs. 2(a), (b) 


*A technical note by C. Holm, Research Fellow. British Crown Copyright, 
reproduced by permission of the Controller, H. B. M. Stationery Office. 


and (c) must yield low-, all-, and high-pass sections, 
that (d) and (f) will act resistively at low frequencies 
and as lossy capacitors at high frequencies, while (e) 
and (g) are capacitive at low frequencies, gradually 
turning into lossy capacitors at high frequencies. The 
behavior of these distributed R-C networks is plotted 
in the complex plane in Figs. 3 and 4. 

It should be strongly emphasized that characteristics 
such as those shown in Figs. 3 and 4 can be approxi- 
mated by combinations of lumped R-C sections. How- 
ever, the distributed networks do not obey the minimum 
phase-shift theorem of Bode, which states that there is 
a certain mathematical relationship between the attenua- 
tion and the phase characteristics. This theorem is valid 
only for networks containing lumped, passive compo- 
nents, and literally states that if the complete frequency 
response of a network is known, the complete phase 
response is also fully calculable and vice versa. Certain 
characteristics unobtainable with lumped components, 
therefore, may be realized by distributed circuit tech- 


Fig. 1—Evolution from single 
R-C low-pass four-pole (a), through 
multi-stage filter (b) to the dis- 
tributed low-pass filter (c). 
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for Microminiaturization 


Le Ala e& 


(e) (q) 


Fig. 2— Possible elemental four- and two-pole distributed networks. 


niques. Even if unique characteristics of this sort are characteristic impedance = 

not desired, the reduction in the total number of separ- 

ate components in a circuit may be achieved by the 

use of distributed circuits; in microcircuits this can be 

particularly useful in space reduction and increase in 

reliability. phase constant = 
The Low-Pass Filter. Starting with the basic low- | 

Y 


pass network, Fig. 5, and applying line theory: VZY1 =v pT 


Fig. 3 — Complex transfer ratios for open-circuit high-pass and 

low-pass four-poles of lumped and distributed R-C networks. Fig. 4— Complex normalized impedance functions of distrib- 
The relative frequency parameter u = f/f, is indicated at u = 1 uted two-terminal components. The relative frequency parameter 
and u = 10. u = f/f, is indicated at u = 1 and u = 10. 
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Fig. 5 —- The elemental low-pass distributed four-pole. 


E, cosh yl — 1, Z, sinh yl 


I, cosh yl 


a sinh yl - 


where 


T = RC 


time constant of network 


p = Laplace operator = jw for sinusoids 


The main 4-pole constants for the circuits are: 


Z,, 1, 


T Zy, 1, 


From Eqs (3) and (4), the impedance constants: 


E 
with J, =0, Z,, = 


i 


Z, coth yl = 


/ 


coth Vv pT 
Vv pT 


with J, = Z, coth yl = Z,, 


R 


with J, = Z, cosech yl =- cosech ¥ pT 


I, Vv p T (6) 
E; 


with J, = 0, Z, = 
I; 


Z, cosech yl = Z;) 

For a passive network such as this, Z,. and Z,, are al- 
ways alike, and in this case, with symmetry between 
input and output, Z,; = Z2.. We can therefore easily 
calculate the voltage ratio a between output and input 
when an impedance Z is placed across the output 
terminals: 

Kw <Rl, 


From Eqs (4) and (7) we obtain: 


1 


m vg 


st —_ 
OOS PF HS al pF 


e~** sinh ¥ pT 
and for sinusoidal response, substituting p = jw 
w = 1/T = 2zf, 
w = 2nf 
The attenuation factor or voltage transfer ratio: 
1 
~ cosh V f/f, + R/ZV f,/pe “sinh V i777, 


Fig. 6 — High-pass distributed four-pole evolved from Fig. 5 by 
changing connections. 


‘or Z—= © (open circuit): 
a, = sech v if/fo (9) 
Substituting again the relative frequency parameter 
u = f/f, (10) 


and utilizing the known relations between hyperbolic 
and circular functions of complex variables, we can 
calculate the practical, nominal values of attenuation 
and phase shift for the open-circuit case: 


l 
cosh (v u/2 +j Vv u/2) 


a = sech y ju = 


1 
cosh ¥ u/2 cos V u/2 + j sinh v u/2 sin ¥ u/2 


j 9 
- 


absolute value | a| = |- ere 
\V cosh V 2u + cos V 2u 
phase ¢ = — (tan~' tanh V y/2 tan V u/2) (11) 
Eq (11) makes it possible to plot the complete ampli- 
tude and phase characteristics. 
Introducing the normalized logarithmic frequency 
parameter » and the attenuation in decibels, 


log u 


pw = log, u = = 1.44 logu (12) 


” log 2 


attenuation db = 10 log ;92 — 10 logyo (cosh ¥ gy + cos ¥ 2u ) 


3.01 — 4.34 log (cosh V¥ 9u + cos ¥ 2u ) (13) 


Attenuation in db per octave is found as follows: 


u 3 
du = au du [from Eq (12)] 


. ‘ _ 
d | | > 12 ./— Sinh Vv 2u — sin V 2u 
Vu- —— - = 
cosh V 2u + cos V 2u 


i (14) 
Equation (14) may be compared with the corresponding 
equation for a simple low-pass R-C filter, developed in 
a similar manner: 


2 


—;, db/octave (15) 


dl a| u 
; ai ane cheed 
dy (1 + u’) 


| | 


Comparing Eqs (14) and (15) reveals a marked 
difference between the distributed and lumped component 
concepts. With increasing frequency (uw), Eq (14) shows 
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an ever-increasing slope in the attenuation curve, whereas 
Eq (15) stabilizes at —6 db/octave. 

The High-Pass Filter. As shown in Fig. 6, the high- 
pass circuit can be calculated by making certain sub- 
stitutions in the expressions already derived. Let 


E; — FE’, = E, and —E’, = E, 
—(l', + I!) =I, andl’, I, 
Then, corresponding to Eq (3): 


‘ ’ sinh yl 
S! = 8 - 5 
cosh yl — 1 


oP" 
E, 


: cosh yl 
I,’ = 


sinh yl 


’ 


Z coshyl—1  ° coshyl—1| 


And the four impedance parameters become: 
tanh V pT, 1 


R -—— 
= coth ¥ pT 
V pT 
R 
Vv pT 


tanh V pT, 1 


The left-to-right and right-to-left open circuit attenua- 
tion factors are: 
, £! 2,’ (17) 
oR’ 2 2 
when /.,’ = 0. 


” 


a 


Ey! 2, ; 
= E,’ = Z,,' = tanh Vv pT/4 tanh Vv pT 
= 1 —sech ¥pT (18) 
when J, = 0. 
As is obvious from the above equations, Eq (17) 
gives an all-pass network or frequency-independent at- 


Fig. 7 — Attenuation characteristics of simple distributed four- 


poles. 


APRIL 1960 





tenuator, while Eq (18) gives a network with high-pass 
characteristics and a slope converging to 6 db/octave at 
low frequencies. This network is not very different from 
its lumped-component “equivalent”. One _ interesting 
feature of it is that in a certain frequency band, around 
u = 10, a negative voltage attenuation in the open- 
circuit network exists, giving a gain of a few db. It is 
doubtful that this feature can be utilized, however. 
Two-Terminal Networks. The impedance functions 
of 2-terminal networks, Fig. 2, may be found as special 
cases of the basic 4-pole. By manipulating Eqs (5) and 
(6), we can obtain for network 2(d), with E, = 0, 


E A . a 
Z= T, = Z, tanh yl = nt wm [2 eS (19) 


For network 2(e), with J, = 0, 


E | : ; 
Z =—=Zecothyl =R S cand i ad 


: VF al Hi 


For network 2(f), with J, = Is, 


Z= == = 2R | fo tanh lj ii on 
I, V f Vo Mo 


For network 2(g), with E, = E, and J, = J, 

RF fh 

2, 24 

Since the values of tanh and coth of half-imaginary 

arguments both vary from a half-imaginary value to- 

wards a real value = 1 with increasing value of argu- 

ment, all the foregoing impedances vary from real values 

toward half-imaginary values. At high frequencies, there- 

fore, all these impedances behave like capacitors regard- 
less of the actual values of R and C. 


Characteristics Obtainable. In Figs. 7 and 8 are 
shown the attenuation and phase characteristics for the 


(22) 


tanh 


fo 
f 


\ fas 


et 
en 


Fig. 8— Phase characteristics of simple distributed four-poles. 
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Fig. 9 — Transistor distributed phase-shift oscillator. 


open-circuited high- and low-pass networks, as well as 
for two differently loaded low-pass circuits. Certain prac- 
tical limitations and possibilities of present-day film 
techniques in microminiaturization may be considered. 
For instance, for a meandered film resistor, disregarding 
the loss in active area due to the meandering, the follow- 
ing data may be used: 


track length l (cm) 
track width w (cm) 
A = lw (sq cm) 


film resistivity p (ohms, square) 


track area 


The resistor is one of the capacitor plates, with a 
high conductivity facing electrode and separation by a 
layer of dielectric material, in which: 


capacitance factor € (farads/sq cm) 


Calculating the time constant and the characteristic 
impedance from the original relationships, 


tAR 


The latter frequency is that at which 180-deg phase shift 
occurs in the basic open-circuit low-pass network. 

In Fig. 9 is shown a transistor R-C oscillator, for 
which thin-film parameters can be found using present 
obtainable values: 


96 


Evaporated nichrome resistive films, p== 100 to 300 ohms/- 
square (typically 250) 

Evaporated magnesium fluoride dielectric films, 50 volts 
d-c, é 

Sputtered titanium dioxide dielectric films, 50 volts d-c, 
é 10 


Ceramic barium titanate in 0.10-in. sheets, € 10 


10°* farad/sq cm 


farad/sq cm 
8 farad/- 
sq cm 

A typical value of R for the feedback network would be 
5000 ohms, since it was initially demonstrated that a 
load resistance of R/5 does not materially affect the 
behavior of the network, and the input resistance of a 
common emitter transistor is around 1000 ohms. Using 
a film area of 1 sq cm, 


‘ A 
2 «= p= [oa 


u V R 


T = REA =5 X 107° sec 


0.22 cm 


for magnesium fluoride and barium titanate and 
T =5 X10~* 


for titanium dioxide. Oscillation frequency 


for magnesium fluoride or barium titanate; 
= 8 5 ke sec 


for titanium dioxide. From Fig. 7, the necessary gain 
for oscillation is 32 db. 

A few samples of distributed networks have been 
prepared successfully. These consisted of soda glass 
base, a layer of 80 per cent nickel evaporated nichrome 
in thicknesses from 50 to 200 A, a layer of evaporated 
magnesium fluoride, 3000—6000 A, and a top layer of 
evaporated gold approximately 500 A_ thick. The ni- 
chrome resistors were slightly meandered, with an aspect 
ratio of 40 and an active area of 0.6 sq cm. The nichrome 
was deposited through a copper mask; this mask and 
the subsequent masks for the dielectric and top electrodes 
were positioned at approximately 0.040 in. from the 
surface to give diffused electrode edges. The latter pro- 
cedure markedly increases the probability of maintaining 
a continuous dielectric film without cracks. 

Applications. The principal use of these flat-film 
composite components will be in the field of microcircuits, 
where economy of area and of number of components 
is desired. Particularly useful applications will be in 
positive and negative feedback networks. Components 
of this form may also find use in network synthesis, in 
which properties may be utilized which are unique with 
distributed components. The distributed component is 
one attempt at considering circuit function as the 
primary goal, disregarding the behavior of the separate 
components. With the advance of solid-circuit art, one 
must consider a complete equipment consisting of circuit 
functions, the resistors, capacitors and inductors gradu- 
ally vanishing from the picture. OOO 
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OPPER and COPPER ALLOYS— 


Their Properties and 
Design Applications 


The properties of copper and its alloys are related to 


the design needs of electronic equipment and systems. 


Applications of materials to design parameters are illus- 


trated and developed in the text and accompanying tables. 


HAROLD E. BARKAN 


Associate Editor 


TOGETHER wiTH high resistance to corrosion and ease of 
formability. copper shows advantages not only as a con- 
ductor but also as a structural material under average 
conditions of stress and strain. Since copper does not react 
to a magnetic field, it is ideal for instrument and electronic 
designs such as servomechanisms, gyroscopes, computers 
and electron tubes. 

The two major alloys of copper are brass and bronze. 
Brass is made by melting copper with zinc. Machinability, 
corrosion resistance, hot and cold workability, and physical 
properties are controlled by varying the proportions of 
the basic metals, and by adding small quantities of other 
nonferrous metals. Bronze was originally an alloy of copper 
and tin. However, modern bronzes are produced by adding 
quantities of other nonferrous metals, yielding properties 
for special applications. Table I is a representative list of 
copper alloys (with their properties and compositions) that 
are used in electrical and electronic design. Table II lists 
design applications for some representative copper alloys. 

Cold working, rolling or drawing hardens and stiffens 
copper-base alloys, giving them good spring qualities. The 
phosphor bronzes have highest spring properties, are more 
corrosion-resistant than copper or brass, and are used for 
severe conditions of operation. Examples are springs, dia- 
phragms and bellows for electrical devices and automatic 
pressure-control instruments. For less severe requirements, 
silicon bronzes, nickel silver, tin or yellow brasses are 
recommended. 
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Effects of Alloying Elements 


Tin (up to 10 per cent) alloyed with copper produces 
bronzes which are used mainly for spring applications in 
electrical and mechanical devices. The bronzes have excel- 
lent corrosion resistance plus high values for elastic limit, 
resilience and fatigue endurance. Tin added to high-copper 
brasses increases strength and spring properties. These 
alloys are used for electrical spring contacts, substituting for 
the more expensive phosphor bronzes. 

Silicon (about 3 per cent) alloyed to copper forms 
silicon-copper and the better-known silicon bronzes, which 
have excellent cold-working properties and corrosion resist- 
ance. A small percentage of silicon in brass lowers its 
thermal and electrical conductivity. 

Manganese (1 per cent) decreases electrical and thermal 
conductivity in brass and bronzes to a point where these 
alloys can be resistance- and spot-welded. 

Tellurium (up to 0.6 per cent) is added to impart free- 
machining properties without seriously affecting hot work- 


Properties Found or Developed in 
Copper Alloys 


high corrosion resistance 

high electrical conductivity 

high spring qualities 

high resistance to fatigue abrasion and wear 
high degree of machinability 

good strength 

nonmagnetic qualities 

ease of workability 

good low-temperature properties 





ability. It reduces ductility but short chips 


similar to those produced by lead. Tellurium copper has a 


proauces 


machinability rating of 85-90 per cent, while copper has 
a 20 per cent rating (compared to free-cutting brass rod, 
which has a rating of 100 per cent). 


| to increase the 


decreasing 


to is added 
ot 
It reduces electrical conductivity to about 80 per 


ot 


Cadmium (up per cent) 


strength without its 
ductility. 


that 


tensile pure copper 


cent rated at 


Be 


crease 


copper 100 per cent. 


ryllium (up to 2 per cent) is added to copper to in- 
it 


treatable alloy with excellent spring properties. 


its tensile strength and = convert into a_heat- 


(0.05-1 


electrical 


Phosphorus deoxidizes and 


cent). 


thermal 


per copper 


It 


temperature 


also 
by 
and retards softening of the metal during 


lowers its and conductivities. 
‘ Oppel *s 


150 € 
soldering. It makes copper more suitable for welding with 


raises softening or annealing 


about 


hydrogen-containing gases by reducing its susceptibility to 


hydrogen embrittlement. 


The phosphor-bronze alloys have the best spring properties 


where repeated flexing, higher strength and_ stiffness are 


required. Other copper alloys may be specified for less 


severe requirements or lower metal costs. Special proper- 
ties such as high heat and electrical conductivity also call 
for other alloys. If the design of the spring part calls for 
bends perpendicular (as well as parallel) to the direction 
of rolling, it is sometimes necessary to make all the bends 
at an angle of 45 deg to the direction of rolling. This 
practice eliminates fracture during bending. If 
sary to bend the metal parallel with the grain, a material 
of less-hard temper or a longer radius should be used. 
(OFHC Cu 0.10 to 0.15 zir- 
conium) exhibits superior elevated-temperature properties, 
400 C. At this 
temperature range, other alloys such as silver-bearing cop- 
per and copper-chromium alloys lose their strength and 
ductility. The optimum properties of this alloy are obtained 
by a combination of solution annealing, cold-working and 
annealing. 

It has been proven by extensive tests and practices, for 
commutator segments and slip rings in generators and 
that performance of copper-zirconium alloy 
better than other copper-base alloys. The material is already 
in use or being evaluated in the following applications: 
high-temperature magnet wire, fine wire, filament support 


it is neces- 


Zirconium-copper alloy 


with resistance to softening up to about 


motors, is 


Table |—Properties of Representative Copper Alloys* 


Nominal composition 
per cent 
Alloy Copper Zinc Lead Tin 
Sheet and Strip 
Electrolytic T. P 99 90 


min 


copper 


OFHC) 99 92 


min. 


Oxygen-free copper 


90 
85 
80 


0 
0 
0 


Commercial bronze, 
Red brass, 85°; 
Low brass, 80°; 


90°; 0 
0 


0 


66 
65 


Yellow brass 
Low-leaded brass 


0 
9 0 60 
65 5 
62 


1.10 
2.0 


40 
75 


Medium-leaded brass 
High-leaded brass 
Contact bronze 89 95 | P0.15 9 
Cadmium copper 


(Phono-Electric) 


1 
Cd 0.90 


8"; 
1.25° 


P0 10 
P 0.07 


(C) 
(E) 


8.0 
1.40 


Phosphor bronze, 
Phosphor bronze, 


53 


Nickel silver, 18° A) 00 16.85 Mn 0.15 Ni 18.00 


Nickel silver, 187 26.85 'Mn0.15 Ni 18.0 


31.35 Mn0.15 Ni 12.0 


B) 0 1 
5 1 
Low-silicon bronze, (B 
Duronze 609) 
High-silicon bronze, 
(Duronze 632) 


Si 1.9 
(A) 
Fe 0.10 Si 2.95 


Rod and Wire 
Commercial bronze, 90°, 
Red brass, 85°; 

Low brass, 80°; 


Cartridge brass, 70°; 
Yellow brass 
Leaded commercial bronzc« 2.0 


1.8 
3.40 


High-leaded brass 
Free-cutting brass 
Te 0.50 


Tellurium copper 


Nava! brass 0.12 0.65 


Low-silicon bronze, (B) 
(Duronze 609) 
High-silicon bronze, 
(Duronze 632) 
Aluminum bronze 
(Duronze 707) 


$i1.9 
A) 
Fe 0.10 Si 2.95 


Al 7.15 Si 2.0 


Tin bronze (Phono-Electric) 1.4 
Cadmium copper 


(Phono-Electric) Cd 0.90 


* Source: Bridgeport Brass Company 


98 


| 74 


Tensile 
strength, psi 


Hard 


50,000 


53 


61 
70, 
74 


74 


74 
74 


000 


55 


93 
65 


85 
15 
15 
78 
94 
50 
59, 
62 
65 
65 
52 


55 
58 


44 
75 


80 


94 


,000 
,000 | 


000 


,000 
000 
000 


,000 
000 


000 
000 


,000 


,000 
000 


,000 
,000 
000 
,000 
,000 
,000 
000 
,000 
000 
000 
,000 


000 
,000 


,000 


,000 


,000 


,000 


Elec. 
conduc- 
tivity, 
% 
IACS 
(fa 
68 F 


| Coeff. 
therm. 

exp. per 
deg F 
from 


Thermal) 
iconduct.,| 


| 


Yield strength, 
@ 4% 
extension — 

under load, psi 


Btu/ 
sq ft 
ft /hr 
deg F 
@ 68 F 


Elongation 
in 2 in., 
per cent 


| 


Hard | F x 10° 


45,000 
| 


Soft Soft Hard 


Soft 


34,000 11,000 45 101 


32,000 | 51,000 000 | 43 102 


44 
37 
32 


10.2 
10.4 


54,000 
57 ,000 | 
59,000 


2,000 
,000 
,000 


38 ,000 
40 ,000 
44,000 


27 
26 


60,000 | 
60 |000 


47,000 
49,000 


000 | 
,000 


26 
26 


60 ,000 
60 ,000 


49,000 
49 ,000 


,000 
,000 


72,000 22 


37,000 | 48,000 85 
13 


43 


60,000 
40,000 | 


72,000 
50,000 | 


6 
5.5 


60,000 | 75,000 


| 90,000 
90 ,000 


50,000 
58,000 


45 ,000 


42,000 | 
45,000 


38 ,000 


57,000 | 53,000 


45 ,000 
60,000 | 58,000 
| 90,000 
40 ,000 


40 ,000 
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in light bulbs, canned motor windings, rotor wedges, elec- 
tronic tube side rods, and rectifier bases. 

Some room-temperature properties of the alloy are shown 
in Table III. It is interesting to note that 90 per cent 
IACS electrical conductivity can be obtained with 70,000 
psi ultimate tensile strength when the alloy is cold worked 
85 per cent and then aged at 400 C. High-temperature 
tensile testing indicates that the copper-zirconium alloy has 
better high-temperature tensile strength and ductility than 
other copper-base high-conductivity alloys. 

Sulfur alloyed with copper yields an exceptionally high 
electrical conductivity, averaging 95-97 per cent (as com- 
pared to tellurium, with 90 per cent) and provides excep- 
tionally high machinability. Its machinability rating of 90 
as compared to free-cutting brass is equalled only by 
tellurium copper among the high-copper alloys. In addition, 
the sulfur-copper costs less than tellurium-copper, has bet- 
ter ductility and about the same mechanical properties. 


Elevated-Temperature Performance 


Selection of electrical conductors for room-temperature 
applications often involves a compromise between electrical 


Specificationt 


ASTM Federal 


| JAN, AN or MIL 


B152-58 Type ETP) 


B152-58 Type OF | 


| 


QQ-C-576a 
QQ-C-576a 


B36-56 Alloy #2 | 

B36-56 Alloy #3 QQ-B-613a Comp. 4 

B36-56 Alloy #4 QQ-B-613a Comp. 3 
Q-B 


MIL-C-895A 


B36-56 Alloy 48 Q 
MIL-C-895A 


B121-55 Alloy #2 


B121- 55 Alloy, #3 
B121-55 Alloy #4 


-613a Comp. 1 


MIL-C-895A 


| 
QQ-B-613a Comp. 24 | MIL-C-895A 


B103-55 Alloy C 





B122- 5ST Alloy #2 | 


B122-55T Alloy #4 | 
B122-55T Alloy #8 


~QQ-C-585 Comp. 1 
QQ-C-585 Comp. 2 
Q0-C-585 Comp. 7 


QQ-C-591a Class B MIL-C-17516 Comp. 2 


QQ-C-591a Class A | MIL-C-17516 Comp. 1 


B97-55 Alloy B 
B97-55 Alloy A 
B134-52 Alloy #2 


B134-52 Alloy #3 
B134-52 Alloy #4 


-626a Comp. 4 
-626a Comp. 3 JAN-W-472 
MIL-C-895A 


MIL-C-895A 


| 00 


00, 0000/00 


| oe 


B134-52 Alloy #6 
B134-52 Alloy #7 


-626a Comp. 2 | 
321b Comp. B 
-6268 Comp.1 | 
321b Comp. A | 


suey wo 


B140-58 Alloy B 


MIL-C-895A 


626a Comp. 24 | 
MIL-C-895A 


3-626 Comp. 22 | 


00; 0000 


B16-58 
B301-58T 


B21-58 Alloy A QQ-N-35 Comp. 1 MIL-N-994B Comp. A 


B98-58 Alloy B 
B99-54 Alloy B 
B98-58 Alloy A 
B99-54 Alloy A 
B150-58 Alloy fl 


B105-55 Alloy #40 


QQ-C-591a Class B 
QQ-C-591a Class A 


MIL-C-17516 Comp. 2° 
MIL-C-17516 Comp. 1 


MIL-B-6946 


QQ-A-630 Comp. 1 MIL-A-15939A Comp. 1 


B105-55 Alloy #85 


+ ASTM: 
Board. 


American Society for Testing Materials. Federal: Federal Specifications 
JAN or AN: Joint Army-Navy. MIL: Army-Navy-Air Force Specifications. 
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conductivity, 
other properties. 
low mechanical properties. 
mechanical 


crease 
great as is 
ance is a 


problem. 


corrosion resistance and 
Conductor grades of copper have rather 
Although cold working will in- 
strength, the 
sometimes desired. At 
However, in 


mechanical strength, 


improvement is not as 


times, corrosion resist- 


room-temperature and 


slightly elevated-temperature applications this is ordinarily 


not serious. 


Much 


work has 
develop conductor 


investigators to 
in copper-base 


been done by many 
materials, particularly 


Table Il—Applications for Some Copper and 
Copper Alloys 


Material | 


Electrolytic 
tough-pitch 
copper 
(ETP) 


Oxygen-free 
copper 
(OF) 


Red brass 


High leaded 
brass 


Free-cutting 
brass 


Phosphor 
bronze 


Free-cutting 
phosphor 
bronze 


Nickel silver 
(55Cu-18Ni)| 


Contact 
bronze 


Cadmium 
copper 


Tellurium 
copper 
Aluminum 
bronze 
Zirconium 
copper 
Beryllium 
copper 
Duronze 
(96.95Cu- 
2.95Si 0.1Fe) 


Sulfur copper 


| Electrical contacts, 


Applications and general properties 


| Bus bers, electrical conductivity wire, contacts, ‘electronic 


parts, switches, terminals, rivets, soldering copper, cur- 
rent-carrying switchgear, circuit breakers, appliances 
High electrical conductivity, very ductile. 


Bus bars, bus conductors, electrical conductors, wave- 
guides, copper-to-glass seals, electron tube parts, hard- 
to-form switchgear. 


Conduit, connectors, fasteners, contact switches for non- 
critical locations, contact switch screws and fasteners. 
High purity, high electrical conductivity, very malleable, 


| Gears, wheels, special auxiliary equipment used with cur 


rent-carrying equipment, contact switches, screw ma- 
chine parts. 


| Gears, pinions, contact switches, screw machine parts. 


springs for electrical devices and 
switchgear, switches, circuit breakers, contacts, terminals, 
clips, appliances. 


Bearings, bushings, gears, pinions, shafts, thrust washers. 


Springs, resistance wire, telephone contacts. 
Spring contacts, substitute for phosphor bronze for less 
severe spring applications. 


In radar and electronics where small space, high conduc- 
tivity and strength are required. 


Connector parts in switches, transformers and hardware. 
High (90 per cent) conductivity and superior machining 
properties. 

Corrosion resistance. 

Commutator segments, slip rings, high-temperature magne t 
wire, rectifier bases, motor windings. High conductance 


at high temperature. 


Springs. 


| Flat springs in electrical snap switches and control instru- 


ments. 


Switch parts, transistor bases. 


Table IIl— Some Room-Temperature Properties 
Of Copper-Zirconium Alloy * 


Property 


Ultimate tensile strength, psi 


Solution- 
annealed 
and aged 
at 500 C 


nealed, cold- 
worked 85 per 
| cent, and aged 
at 400 C 


| 
| 
| Solution-an- 
| 


37, 000 70 ,000 


Yield strength, psi (0.1 per cent 


offset) 


Elongation, per cent in 2 in. 
Modulus of elasticity, psi 
Hardness, VPN 83 


19,000 
19.0 


61 ,000 
10.0 

19,300 ,000 

150 


Electrical conductivity, per cent 


IACS 


* Source 


90 min 


American Metal Climax, Inc. 








Electrical resistivity of metals, —200 to +1400 C, 


alloys, that retain the desirable conductivity of copper at 
room temperature and slightly elevated temperatures but 
possess improved mechanical strength. 


Iwo examples of these improved copper alloys are 


Cupraloy* and beryllium-copper. Cupraloy contains about 
99.4 per cent copper, 0.5 per cent chromium and 0.1 per 
cent silver. It is a precipitation-hardened alloy that has a 
good combination of strength and electrical conductivity 
at room temperature. Electrical conductivity lies within 
the range of 80-85 per cent of copper, and mechanical 
strength is as high as 65,000 psi ultimate tensile, with 
about 55,000 psi yield strength. 

Beryllium-copper alloys constitute a series of materials 
based on additions of beryllium and cobalt to copper. Elec- 
trical conductivity varies somewhat with composition, but 
is in the order of about 50 per cent of copper. These 
alloys possess very good mechanical properties with ultimate 
tensile strengths as high as 100,000 psi and yield strength 
of 90,000 psi. Higher strength levels can be obtained by 
adjusting composition, but only with a corresponding sacri 
fice in electrical conductivity. 

When a conductor material for elevated-temperature serv- 
ice is needed, the problem of selecting a suitable material 
becomes increasingly more difficult as these temperatures 
increase. For metals and alloys, electrical conductivity and 
mechanical strength decrease as operating temperatures are 
raised. Furthermore, oxidation resistance must be considered 
when designing for elevated-temperature applications. 

In the search for elevated-temperature conductor ma- 
terials, the problem of oxidation resistance is always present. 
Copper is rather poor in this respect at elevated temper- 
suitably protected. One  obvi- 
ous approach to a solution is to develop a composite con- 
ductor having a core material selected for its conductivity 
and a cladding on the surface possessing good oxidation 


atures and must be 


resistance. Since the clad surface, to be effective, must be 


* Developed by Westinghouse Electric Corporation 
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Fig. Copper-cored Aliron in the 6005 amplifier tube. 
(Source: Metals and Controls Division, Texas Instruments, Inc.) 


in intimate contact with the core material, diffusion of core 
and cladding materials into each other can readily occur 
at elevated temperatures. There is a possibility of inhibit- 
ing this diffusion by use of suitable barrier layers; how- 
ever, this is not a simple problem. 

Figure 1 shows the relationship between electrical resis- 
-200 to +-1400 C. All 
the elements show a steady increase in resistivity up to 
the melting point, where there is a sharp increase in 
resistance. From a conductivity standpoint, copper shows 
to advantage. 


tivity and temperature in metals from 


One factor giving rise to electrical resistance in a metal 
is the occurrence of collisions between the conducting elec- 
tron and the oscillating atomic nuclei. As temperature in- 
creases, the motions of these nuclei increase. Consequently, 
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Fig. 3— Temperatures of the coolest and hottest portions of 
the 6005 tube plate vs total plate dissipation. (Source: Metals 
and Controls Division, Texas Instruments, Inc.) 
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there is greater probability of collisions occurring, giving 
rise to increased electrical resistance. 

As temperatures are lowered to values close to absolute 
zero, the effect known as superconductivity takes place. This 
phenomenon is characterized by complete absence of re- 
sistance, so that once a current flow is initiated, it will 
continue after the potential is removed. So far, this phe- 
nomenon has been observed only at temperatures close to 
absolute zero. 

For applications up to about 500 C there are several 
selection possibilities for conductor materials. Aluminum, 
silver, gold and copper possess good conductivity and can 
be considered if strength and oxidation resistance are 
neglected for the moment. If the application temperature 
jumps to about 1000 C, only two materials having high 
conductivity remain. These are gold and copper; however, 
at 1000 C these metals are less than 100 deg from their 
melting points and their strength would therefore be so 
low as to render the materials essentially useless. Beyond 
1000 C there is a sharp break in metals with respect to 
conductivity. The elements with sufficiently high melting 
points to serve in this range have room-temperature con- 
ductivities which are at best only 35 per cent that of 
copper. 

Copper conductors for magnet-wire applications under 
ultrahigh-temperature and nuclear-radiation environments 
are discussed in another article in this issue (see “Magnet 
Wire for Extreme Environments,” p 106). Work on alu- 
minum-clad copper wire by Westinghouse has been previously 
reported in this magazine.* 

One possible approach to developing improved elevated- 
temperature conductor materials involves the basic con- 
cepts of precipitation-hardening theory—substituting insol- 
uble particles for the soluble precipitate particles normally 
encountered. Dispersion hardening using oxide, nitride or 
other stable compounds distributed throughout a metallic 
matrix offers improved strength and the good conductivity 
advantages associated with conventional precipitation 
hardening. In addition, it provides a system more stable 
with respect to elevated temperatures, since the oxide or 
other particle is selected for its inherent stability and lack 
of solubility in the matrix. 


Design Applications 
Electron Tubes 


Receiving Tubes. Aluminum-clad steel on both sides of 
a copper base (copper-cored Alirony) is used in the 6005 


***Aluminum-Clad Copper Magnet Wire for Elevated Temperature Use,"’ C. L. 
Carlson, June 1957, p 164; and ‘“‘New Temperature Aging Data on Aluminum-Clad 
Copper Wire,”’ September 1958, p 11. 
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Fig. 4— Effect of copper-base Aliron vs nickel-clad steel on 
thermal characteristics of 5U4GB tube. (Source: Metals and 
Controls Division, Texas Instruments, Ine.) 
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amplifier tube. The tube has a round, barreled plate with- 
out radiating fins (Figure 2). The heat generated by electron 
bombardment is restricted to two narrow vertical strips, 
producing areas of the highest anode temperature. Figure 3 
compares the temperatures of the coolest and hottest por- 
tions of the plate vs total plate dissipation. This figure shows 
that when the copper-cored material is compared with 
carbonized nickel, the temperature difference between the 
hot and cool portions is less, with some reduction in tem- 
perature of the hot portion. These reduced temperatures 
have an advantageous effect on power output life. 

Aluminum-clad steel on one side of a copper base (cop- 
per-base Aliron}) provides advantages when used in recti- 
fier tubes. These tubes usually have the highest anode 
thermal concentration of the various types of tubes. It is 
particularly difficult to relieve these areas of heat by the 
addition of radiating fins. Another problem is that some 
materials, when exposed directly to the cathode, have a 
poisoning effect on cathode emission. Copper, when facing 
the cathode, has little if any of this effect. Figure 4 shows 
the effect of copper-base Aliron vs nickel-clad steel on the 
thermal characteristics of the 5U4GB tube. 

Microwave Amplifiers. The Amplitron{ tube boosts energy 
output of a basic radar signal from 8 to 14 times, Ampli- 
trons help improve radar’s ability to distinguish moving 
from fixed targets, an essential of an advanced radar system. 
A completed Amplitron tube is composed of more than 90 
per cent copper. The chief reason for use of oxygen-free 
high-conductivity copper in this tube is its high electrical 
conductivity and excellent thermal conduction. By dissipat- 
ing the heat rapidly, copper helps prolong the life of the 
tube. Another key reason is copper’s favorable joining 
properties. Since all the copper used is silver plated, when 
tube components are brazed in a high-temperature furnace 
the silver will alloy with the copper. The two metals, 
under the extreme heat of the brazing process, form a 
solder similar to what might be expected if a silver-copper 
eutectic solder were used. Thus the silver-plated copper not 
only produces a better joint, but saves on solder as well. 
In one type of Amplitron, the output sleeve is made of cop- 
per tubing. In another, tubing of %-in. OD with 0.030-in. 
wall is used inside the output sleeve of the Amplitron. 

Magnetrons also use substantial quantities of copper. 
Magnetrons cavities are produced by two methods: laminat- 
ing and cold hobbing. ! 
stacked and brazed together so that they form the inner 
vacuum section as well as the collection system of the 
tube. Copper sheet “e-in. thick and 24% to 5 in. wide is 


n the former, copper laminates are 


+ Metals and Controls Division, Texas Instruments, Inc. 
t Raytheon Company. 
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Fig. 5—Charactron shaped-beam tube. (Source: Stromberg- 
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Copper Composite Metals in Typical Semiconductor Devices* 


SILICON DIODE 


Lead wire 


, 


Enclosure, glass 


Silicon Whisker wire 
Crystal 


SILICON TRANSISTOR 


Lead wires 


Base tab 


Enclosure 


Silicon crystal 


Aluminum dots 
Hermetic seal header 
Kovar + hard-glass seal 


used. Laminates are punched from the sheet, silver plated, 
and run through a high-temperature furnace in a reduction 
atmosphere to form the basic anode structure of the tube. 

For the cold hobbing operation, Raytheon Company has 
developed special equipment which makes it possible to 
stamp out finished magnetron cavities in one rapid operation. 
This is, in effect, a cold extrusion process. In this pro- 
cedure, a delicately shaped magnetron cavity, having com- 
plex internal contours, is extruded from blank copper slugs 
in a press which utilizes an appropriately designed hob. 
After the hob is driven into the copper slug, the finished 
cavity is removed from the press with no further machin- 
ing being necessary. 


GERMANIUM DIODE 


Lead wire 


Enclosure 


GERMANIUM POWER TRANSISTOR 


Indium dot 


Enclosure, steel Germanium crystal 


Base 


Lead wires Source: Metals and Controls Division, 
Te 


xas Instruments, Inc 


Cathode-Ray Tube. An unusual use of beryllium copper 
is in the matrix of the “Charactron”+ shaped-beam tube. 
Its physical properties and nonmagnetic characteristics 
motivated the choice of copper in this application. The type 
C7C11 tube, 7 in. in diam, displays minute characters with 
very high resolution and high intensity. Its resolution is ap- 
proximately 2000 lines across the tube face. Character 
intensity is said to be the highest attainable in a cathode- 
ray tube. 

The character-forming section of the tube (Fig. 5) con- 
sists of an electron gun, character-selection plates, and a 


vv, tlectrical Characteristics of Printed-Circuit Panels 


DESIGN AND APPLICATION of copper-clad printed-circuit panels 
is generally a straightforward matter since the conductors can 
usually carry more current than is encountered in most elec- 
tronic circuits. Occasionally, because of space limitations, nar- 
row or closely spaced conductors must be used. It then becomes 
necessary to know whether a particular conductor can fulfill its 
current-carrying requirements. Because information of this type 
has not been generally available, the National Bureau of Stand- 
ards made a study of the characteristics of printed-circuit panels 
under various conditions of use. 

To obtain a general temperature-behavior pattern for the cur- 
rent-carrying capacity of printed-circuit conductors, a large num- 
ber of measurements was made, under different conditions of 
use, on various lengths and widths of conductors bonded to a 
variety of materials. The curves derived from the measurements 
showed that cross-sectional area is a dominant factor in the 
ability of a conductor to carry a given current for a particular 
temperature rise, especially for the usual copper thickness of 
0.00135 in. (1 oz) and 0.0027 in. (2 oz). Heavier coppers (0.004 
in.) appear capable of carrying less current and thinner coppers 
(0.00067 in.) higher current, for a given cross-sectional area, 
than do medium-weight coppers. 
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Another factor affecting the temperature-current relationship 
is the thickness of the laminate core material.t Core materials 
about \%4o-in. thick showed some reduction in current-carrying 
capacity compared with heavier cores. When a solid copper 
backing was used, the same type of material showed a higher 
current-carrying capacity. For the usual 4g¢-in. core thickness, 
only small differences could be noticed between single-clad and 
double-clad laminate panels. Variations in ambient temperature 
also appear to have little effect on the temperature rise above 
ambient due to a given current. 

A reduction in current-carrying capacity of about 15 to 20 per 
cent for a given temperature rise was noted for samples coated 
with a protective plastic material. Such samples were less able 
to dissipate the heat generated in the copper conductor. Al- 
though in most samples the resistance of a particular conductor 
is actually decreased by dip-soldering, an additional reduction 
in current-carrying capacity up to about 30 per cent was noted 
in many dip-soldered samples. This has been attributed to 
changes in the bond characteristics of the materials. 


t ‘Characteristics of Metal-Clad Laminates," D. S. Hoynes, Exectrican Manu- 
ractTuRING, April 1957, p 104. 
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stencil-like matrix employing character-shaped openings. 
The matrix is a small thin disk with all apertures engraved 
in a space less than 14 sq in., arranged in an 8 x 8 character 
array. An electron gun directs an electron beam toward 
the matrix. Before the beam reaches the matrix it passes 
between two sets of electrostatic character-selection plates 
which deflect the beam to determine the particular matrix 
aperture through which it will be extended. Any of 64 
characters may be selected by applying appropriate volt- 
ages to the selection plates. Upon leaving the matrix, the 
beam has been shaped in the form of the character- 
aperture through which it has passed. 

The shaped electron beam is accelerated in its passage 
from the matrix to the tube face by an accelerator in the 
funnel portion of the glass envelope. This acceleration in- 
creases beam energy and provides the required degree of 
illumination on the tube face. 

The tube assembly’s deflection yoke positions the shaped 
beam on the tube face. The beam must be directed along 
the tube axis at the time it enters the deflection-yoke field. 
It is, therefore, redirected by the convergence coil and 
deflected by the reference plates slightly after it leaves the 
matrix. Thus the beam’s path is straightened, compensating 
for the deflection caused by the character-selection plates. 
A focus coil is used to control character size. 


Printed Circuits 

A new way to produce copper-clad laminate is to bond 
copper foil to plastics-impregnated paper under high tem- 
perature and pressures. This critical bond is assured by 
first treating the foil with an oxidizing agent. It forms 
thousands of black cupric oxide needles per square inch, 
and they become embedded in the liquid adhesive applied 
over them prior to bonding. 

When the adhesive is cured, the embedded needles pro- 
vide a keying action firmly anchoring the adhesive to the 
copper foil. Bond strengths of 12-15 lb per in. can thus be 
attained, double those possible with other methods. Dip- 
solder temperature resistances of 30 sec at 500 F are at- 
tainable, permitting higher soldering temperatures and 
faster soldering operations. A considerable body of opinion 
indicates that results with the new technique may equal 
those achieved with electrolytic or rolled-copper foil. 


Resistance Wire 


Manganin* (12Mn-4Ni-balance Cu) in the form of wire 
is used for resistors in precision d-c instruments. Typical 
applications are as resistance bobbins in Wheatstone bridges, 
decade resistance boxes and in potentiometers. The wire 
increases very slightly in resistance from 15-25 C and then 
decreases until the resistance at 35 C is about the same 
as at 15 C. The maximum change in resistance to be ex- 
pected is 15 ppm/deg C. Artificial aging of assembled 
coils has been found necessary to avoid a slow decrease 
in resistance with time. This is commonly done by baking 
at a temperature between 120 and 140 C for a period of 
24-48 hr. The higher temperature limit must not be ex- 
ceeded, or damage to enamel or fabric insulation may result. 


Electrical Contacts 


Copper is frequently used in clad-metal electrical con- 
tacts as overlay, top-lay, strips and in other composite 
forms. It provides a combination of strength and conductivity. 
The high cost of solid silver can be avoided (where no 
strength problem is involved) by using a copper backing 
without affecting the contact performance. The backing 
gives slightly greater strength than a solid-silver contact. 


Electromechanical Parts 
Copper-clad aluminum is a composite metal consisting 


* Driver-Harris Company. 
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of a layer of aluminum on which a layer of electrolytic 
copper is clad on either or both sides. The metals are in- 
separably bonded by a solid-phase bonding process without 
the use of any brazing alloy or other intermediate ma- 
terial. Thus the absence of objectionable voids, oxides and 
compound inclusions is assured. The copper layer has 
exactly the same structure and properties as solid wrought 
copper. The aluminum likewise retains all of its original 
properties. 

This composite material is an excellent conductor of 
electricity and heat, either parallel or perpendicular to 
the surface. In numerous applications where solid aluminum 
cannot be used, copper-clad aluminum can provide all 
the advantages of aluminum combined with the desirable 
properties of copper, such as ease of soldering and electro- 
plating. 

Copper-clad aluminum has been used for clips, terminals, 
shims and bushings. It has been used successfully in wave- 
guides, components cases or cans, variable air capacitor 
blades, and electrically or thermally conductive parts. Chassis 
fabricated from this material offer low-resistance shield 
connections particularly desirable for high-frequency ap- 
plications. 


Nuclear Irradiation Effects in Copper* 


The stress-strain relationship is appreciably changed by 
neutron irradiation at around 80 C. Comparing Figs. 6 and 7, 
a large increase in yield strength at all testing tempera- 


* From Knolls Atomic Power Laboratory. 
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Fig. 6 — Stress-strain curves of unirradiated copper at various 
temperatures. 
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Fig. 7 — Stress-strain curves of irradiated (5 < 10‘ nvt) copper 
at various temperatures. 
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tures is observed. Also, the yield strength becomes more 
temperature-sensitive by irradiation, which is readily notice- 
able in the wider spread of the stress-strain curves at the 
early stages of deformation. This lowering of the yield 
strength at the higher testing temperatures is, however, 
not an annealing effect because irradiated copper after a 
i-hr exposure to 200 C does not exhibit a lowered yield 
strength at 195 C. 

The rate of strain hardening decreases with increasing 
strains in normal copper. However, the rate of strain hard- 
ening is initially very high. In contrast, the rate of strain 
hardening of irradiated copper is depressed by discontinu 
ous yielding at the early stages of plastic deformation. It 
recovers, however, to a steady value, although the rate of 
strain hardening of the irradiated material is lower than 
for the normal material. 


Fabrication Considerations 

Joining 
Methods. Soldering, 
mon methods of joining copper and its alloys. The method 
selected is based on the strength needed in the bond. Soft 
solder is the weakest 


brazing and welding are three com- 


brazing is next in strength, and 
welding is the strongest. Soldering is joining of similar or 
dissimilar copper alloys with nonferrous filler metals (such 
as the low-temperature tin-lead solders) which melt below 
700 F. Brazing includes joining processes where the filler 
metal is nonferrous and melts above 800 F, but below the 
melting point of the metals being joined. In many cases 
where silver alloys are used as the filler metal, the term 
“hard soldering” is used. Welding is the joining of metals 
by the application of heat with or without use of a filler 
metal of the same material as that being joined. Table IV 
illustrates joining characteristics of copper and its alloys. 

There are many applications in components design where 
brazing of two or more parts is required to complete a 


component or assembly. Often, difficulties are encountered 
where the brazed parts crack, distort or soften during braz- 
ing. Copper and copper-base alloys are widely used in 
applications where brazing is required and problems fre- 
quently arise with these materials. Sometimes the trouble 
is associated with the particular brazing process involved, 
but there are other instances where the characteristics of 
the base metal are such that the material should not be 
employed if brazing is required. 

At A in Fig. 8 is an intermediate contact machined 
from 114-in.-square rod of copper-nickel-silicon alloy. Be- 
cause of the machined contour of the piece, stresses are 
unbalanced as compared with the condition of the precipi- 
tation-hardened rod from which the piece is made. Main- 
taining hardness in the brazed piece is essential since it is 
rapidly heated for brazing and then rapidly quenched as 
soon as the joint is made. 

Cracking was encountered after the material was changed 
from the work-hardening type of silicon-bronze to the 
precipitation-hardening type. It was found that a stress 
relief of 1000 F for 90 min before brazing and then air 
cooling from the brazing temperature minimized cracking. 
Since the precipitation-hardening alloy retains hardness 
better than the previously used cold-working type of alloy, 
it is possible to retain sufficient hardness even with much 
slower cooling. 

At B in Fig. 8 is a design of a moving contact. The piece 
was formerly made without the flat sides and no cracking 
was encountered during brazing. When the part was rede- 
signed for functional reasons, cracking occurred during 
brazing. The material, Cupraloy in wrought form, frequently 
contains high residual stresses. Often, these stress levels 
are of such magnitude that slight thermal shock will cause 
cracking. This tendency may be increased by machined 
contours such as are found in this piece. Cupraloy is fre- 
quently used where a high-conductivity, high-strength alloy 
is desired. In order to retain strength and hardness after 


Table I1V— Joining Characteristics of Copper and its Alloys 
ieee inerrant ete eeagen EAEE NEONNTEED 


Alloy 


| ; 
Cu 99.92 min. 
Cu 99.92 min. 


Electrolytic T. P. copper 
Oxygen-free copper 


Red brass 

Low brass 

Cartridge brass 
Yellow brass 
Low-leaded brass 
Medium-leaded brass 
High-leaded brass 
Free-cutting brass 
Naval brass 


Cu 85, Zn 15 

Cu 80, Zn 20 

Cu 69.5, Zn 30.5 

Cu 66, Zn 34 

Cu 65.5, Zn 33.9, Pb 0.60 
Cu 65.5, Zn 33.40, Pb 1.10 
Cu 62.25, Zn 35.75, Pb 2.0 
Cu 61.25, Zn 35.35, Pb 3.40 





Phosphor bronze (A) 
Phosphor bronze (C) 
Phosphor bronze (E) 


Cu 94.35, Sn 5.5, P 0.15 
Cu 91.9, Sn 8.0, P 0.1 
Cu 98.70, Sn 1.25, P 0.05 


Nickel silver (A) (18% 
Nickel silver (B) (18%) 


Cu 67.85, Ni 31.0, Fe 0.40 
Cu 89.15, Ni 10.0, Fe 0.85 


Cupro-nickel 30% 
Cupro-nickel 10% 


High-silicon bronze Cu 96.95, Si 2.95, Fe 0.10 


Cu 77.0, Zn 20.87, Al 2.1 
Cu 94.25, Al 5.5, As 0.25 


Aluminum brass 
Aluminum bronze 


(a) Incomplete date. E = Excellent G = Good F = Fair P = Poor 


Source: Bridgeport Brass Company. 
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Nominal composition, per cent 


Cu 60, Zn 39.23, Pb 0.12, Sn 0.65, Fe 1.0 


Cu 65.0, Zn 16.85, Ni 18.0, Mn 0.15 
Cu 55.0, Zn 26.85, Ni 18.0, Mn 0.15, Si 1,9 


Type of operation 
Oxy- Carbon- Resist- 
acetylene arc ance 
welding welding welding 


Soft Silver 
soldering brazing 
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brazing, rapid heating to brazing temperature and quench- 
ing from the brazing temperature are necessary. Unfortu- 
nately, the resultant thermal shock tends to add to the 
stresses which may be present and cause cracking. The 
condition may be prevented by use of a stress-relief before 
brazing and delaying the quench somewhat after a joint is 
made. 

The above-mentioned examples are typical of the many 
interrelated factors which can cause difficulty during copper 
brazing. Some of the other factors include chemical com- 
position of the base metal, geometry of the assembly and 
its individual components, rate of heating, rate of cooling, 
maximum temperature attained during brazing, and length 
of time at brazing temperature. 

Even for alloys which do not contain elements considered 
harmful, the operations of heating and cooling during braz- 
ing can seriously affect the materials in many adverse ways. 
Softening is one of the problems which occurs most fre- 
quently because the part to be joined is made of an alloy 
that has been heat treated or cold worked. Excessive 
softening during brazing is probably the most frequent 
cause of rejection of parts when only brazing difficulties 
are considered. Since the parts are generally machined 
before brazing, the cost of rejections due to softening is 
high. 

Although not commonly appreciated, severe stress levels 
can be developed when parts of widely dissimilar thermal 
expansions are joined. Such is the situation when silver- 
tungsten contacts are joined to copper-base alloy parts. 
For relatively small pieces (joints under about 2 in. in 
length) the resultant distortion is usually not a problem. 

When a new piece of equipment is being designed, the 
joining details should be taken into consideration early 
in the design. The designer should give adequate considera- 
tion to the location and type of joint to be used and to 
use the least expensive alloy which will provide the desired 
joint properties. Joints should not be designed with blind 
holes since an escape is needed for removal of flux and gas. 
Joint clearances of 0.003-0.005 in. are recommended, de- 
pending on the alloy and length of joint. These clearances 
are necessary to provide maximum capillary action and 
maximum joint strength. 


Shapes 

Recent developments in extrusion and drawing practice 
now permit manufacture of long lengths of tubular 
copper shapes of intricate or unconventional design. Such 
copper shapes are especially suited to internally cooled 
conductor parts. 
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Fig. 9— Hollow copper shapes manufactured by American 
Brass Company and Chase Brass and Copper Company for 
conductor applications. Included also are several solid copper 
conductor shapes. (Source: Westinghouse Electric Corporation.) 


<—Ké 
Fig. 8— Typical failures of alloys resulting from brazing. 


Figure 9 shows a number of examples of heavy-walled 
hollow copper shapes. The combination of the heavy wall 
section along with the nonsymmetrical relation between 
the inside and outside contour has not been previously 
available in extruded and cold-drawn copper shapes. The 
examples shown are intended to indicate some of the 
possibilities of this new technique, and design engineers 
interested in conductors requiring internal cooling will 
find these hollow shapes of interest. 

The materials or alloys generally available in shapes 
of this kind are tough-pitch (electrolytic) copper, low- 
phosphorus deoxidized copper, OFHC copper, and various 
silver-bearing coppers. These shapes can also be made in 
zirconium copper. Mechanical and electrical properties for 
a given material will be comparable to those normally 
obtainable in that material. It is possible that these shapes 
can also be produced in high-copper brasses, such as 
90Cu-10Zn or 95Cu-5Zn. 


Machining 


The addition of a small percentage of lead (0.05—4.01 
per cent) to copper alloys increases machinability. Lead 
does not combine or alloy with copper. It causes formation 
of a brittle machining chip which crumbles easily, hence 
the term “free-cutting.” Since lead breaks the continuity 
of the metal, an excessive amount affects ductility and hot 
workability. A small percentage of tellurium added to 
copper also makes it free-cutting. Oooo 
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Bureau of Ships, Naval Research Laboratory and the Royal 


Radar Establishment. 


ALEX. E. JAVITZ 


Special Features Editor 


IN MAGNET WIRE for service under conditions of ultra- 
high temperature and nuclear radiation, the insulation 
and conductor structure must be mechanically usable 
as well as resistant to the prescribed conditions. (Sat- 
isfactory electrical properties are of course assumed to 
be present. ) 


Major Problems 


The most difficult requirement is undoubtedly that 
of flexibility. Organic insulating films are inherently 
free of this problem, but they are also incapable of with- 
standing high temperatures of the order of 500 C. In- 
organic coatings meet the temperature requirements but, 
owing to their rigid structures, are not able to withstand 
extreme bending and stretching when wound. As a con- 
sequence, much of the research activity in ultrahigh 
temperature magnet wire for extreme environmental use 
has been pointed toward the development of ductile or 


This is the second in a series of articles on transformer 
materials for service in extreme temperature and 
nuclear radiation environments. Next article in the 
series will deal with 

Magnetic Core Materials 
The entire series will be made available in combined 
reprint form, 


flexible ceramic coatings that can be thoroughly bonded 
to the metal conductor. 

Satisfactory methods have been achieved for bonding 
high-temperature coatings to nickel-clad copper wire, 
although there is some difference of opinion in the 
results achieved with ceramic-coated Inconel-clad and 
stainless steel-clad wire. It is still difficult, from all 
reports, to bond high-temperature inorganic insulation 
to unclad or unplated copper. 

Progress has been reported, however, by the General 
Electric Company (1])* on a vitreous enamel coating 
about 1 mil thick on 0.032-in. diam copper wire. Tests 
indicate that this wire could be wound around a mandrel 
1 in. in diam and still retain original electric strength 
of about 300 volts. This wire is now in pilot-plant stage. 
It should be noted, however, that the conductor diameter 
exceeds the optimum sizes needed for ultrahigh tem- 
perature transformers. 

Studies of glass-served wires (both silicone-treated 
and untreated) for 600 C application by Raytheon for 
the Bureau of Ships (2) have disclosed a serious prob- 
lem caused by carbonization in the serving that occurs 
when the wound coils are cured in a vacuum at tem- 
peratures above 500 C. The result is a sharp drop in 
insulation resistance. Organic matter can be removed 
from the glass fiber if curing is performed in air, but 
this treatment is feasible only with silver wire or silver- 
plated copper, since oxidation occurs in plain copper. 
Some improvement in this problem takes place when 
the glass serving for copper conductors is pre-cleaned 
by such means as chemical washes. 

The Raytheon report also refers to a new grade of 
superfine glass fibers that should produce a significant 
improvement in the space factor of glass-served wire. 
Minimum insulation builds of 0.0015 to 0.0039 in. are 


* Italic numerals in parentheses refer to Cited References at the end of this article. 
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obtained, approximately 1 mil less than the minimum 
build of 0.0025 to 0.0040 in. with conventional glass 
fiber. In a No. 36 wire, the nominal space factor may 
be increased from 36 per cent to 47 per cent. 


Temperature Tests 


In the first part of an investigation conducted by 
General Electric Company for the Wright Air Develop- 
ment Center (3, 4) the following combinations of insu- 
lation and conductor were selected for evaluation: 


a. 0.0126-in. diam vitreous-enamel coated Inconel-clad 
copper conductor 

b. 0.0126-in. double-glass-served, silicone varnish-treated 
nickel-clad copper 

». 0.0126-in. double-glass-served silicone varnish-treated 
silver wire 

. 0.0285-in. anodized aluminum wire 

. 0.0126-in. Ceroc-Lecton (ceramic-acrylic resin insula- 
tion) silver wire. 


The following results were obtained: 


1. Anodized aluminum proved to be an outstanding 
dielectric, showed good thermal properties, and offered 
the advantage of a very thin film build. Despite these 
advantages, the low melting point of aluminum and the 
inherent connection problems barred the application of 
anodized aluminum. 


2. Double-glass-served silicone varnish-impregnated 
silver wire was found to give the best results. The 
varnish of course volatilized by 500 C, but it left an 
adequately strong structure with satisfactory dielectric 
properties. Low cost and commercial availability were 
other factors in favor of this wire. On the opposite 
side are the disadvantages of excessive build (as much 
as 3 mil) and fragility. 


3. Of the other insulations tested, silicone-impreg- 
nated double-glass serving on nickel-clad copper gave 
results almost identical with those on silver, but the 
conductor itself developed a permanent resistance in- 
crease of approximately 35 per cent during the 1000-hr 
aging period. Photomicrographs indicate that this be- 
havior is caused by a diffusion of nickel in the copper. 


4. Neither of the ceramic-insulated wires available 
at the time of the initial tests appeared to be capable of 
satisfactory performance at 500 C and 600 C. 


Although the initial tests failed to show that the 
ceramic-insulated wires then available were capable of 
reliable performance at 500 C and 600 C, the funda- 
mental need at these temperatures pointed to an inor- 
ganic thin-film insulation. Availability of several new 
insulations in the thin-film category (see Table 1) at 
the onset of the second Air Force contract (4) made it 


Table I—Checklist of Commercially Available 500 C Thin-Film Magnet Wire* 


Insulation Continuous 


Minimum Film 
conductor build, 
diam, in. mil 


resistance, 
megohms 
at 538 C 


temperature 


Conductor rating, deg 
Cc 


material 


Electric 
strength 


Type of 
insulation 


Dielectric 


Manufacturer constant 


Consolidated 
Electrodyna- 
mics Corp. 


0.010 | 150 volts none 538 
copper d-c reported (1000 F) 


Ceramic 
(Ceramacite)" 


- _— 
Sequoia Ceramic 
Wire (Ceramacite) 





400 vpm |llat 30C 3x 
at 30C [22 at 538C 





Nickel-clad 
copper 

Nickel-clad 300 to 700 |1l at 30C 3x 
copper vpm 22 at 538 C 





HiTemp Wires, | Ceramic 

Inc. (Ceramatemp) 
150 volts none excellent 
at 538 C | reported 


Secon Metals 
Corp.” 


Ceramic Any 
Type B material 
specified 


(1200 F) 


Ceramic Any 
Type C material 
specified 
Nickel-clad | not given 
copper and 12 at 
stainless 500 C 
steel-clad 
Inconel-clad 0.005 
copper 


250 volts none excellent 649 
at 538 C | reported | 











Ceramic- 
silicone 


Sprague Elec- 
tric Co, 36 volts 


at 500 C 


no data 
available | 


no data 
available 








General Elec- Vitreous 
tric Co. enamel 





30 volts 
| at 500 C 


no data 
available 





no data available 


® Source: Cited Reference (3). All data are based on manufacturer's information, except for the Sprague and General Electric wires. 
> Secon wire is supplied in semi-cured state. Final curing temperature after winding into coil is 1050 to 1150 F for Type B and 1350 to 1400 F for Type C wire. 





Table tl—Dielectric Breakdown (Total Volts) of Insulated Wire at High Temperature’ 


Initial volts 
Description of wire at RT 
0 .0126-in. ceramic-coated nickel- 241 
clad copper conductor —————— 
112 


193 


0.010-in. ceramic-silicone-coated 2500 
stainless steel—clad copper 


950 


min 


_ min | 
| 
| 


| — ° 2042 


® Wound on \%-in. rods. 
» These measurements were taken winding-to-winding instead of winding-to-ground. 


Source: Cited Reference (3). 


possible to continue the investigation. The materials 
evaluated were: 


a. 0.0126-in. diam ceramic-coated (Ceramicite) nickel- 
clad copper conductor 

. 0.010-in. ceramic-silicone-coated 
copper (Sprague). 


stainless steel-clad 


Conclusions reached after a series of tests were as 
follows: 


1. Ceramicite ceramic insulation is a very accept- 
able material for this program. However, the base con- 
ductor, nickel-clad copper, exhibits a permanent re- 
sistance change caused by diffusion of the nickel and 
copper. This change may not be as severe in practice 
if 600 C represents a maximum operating temperature 
for short-time durations. Subsequent tests on another 
program show that a point of caution concerns the 
elongation of the wire. Winding under normal tensions 
will expose the conductor and thereby create sources 
of dielectric weakness. 


2. The ceramic-silicone insulation on the Sprague 
wire has usefulness where operating temperatures do 
not exceed 400 to 450 C. The conductor itself, stainless 
steel-clad copper, shows unusual d-c resistance stability 
even after a 1000 hr exposure at 600 C. 


In conjunction with these tests, samples of aluminum- 
clad copper and aluminum-clad silver conductor wires 
were tested but were found to be unusable for this 
application. Diffusion of the metals caused brittleness 


40 hr at 
300 C (hot) | 400 C (hot) | 500 C (hot) ; 600 C (hot) | 600 C (hot) 


40 hr at 40 hr at 40 hr at 1000 hr at 


shorted shorted 


and large changes in d-c resistance. (See Tables II and 
III for representative test data.) 

Generally, in regard to the problem of diffusion, it 
should also be pointed out that the resistance change of 
clad wire caused by diffusion is very much a function 
of wire size. This is shown by the following tabulation 
(the heavy-gage wires, No. 18 and larger, present no 
serious problem) : 


Effect of Wire Size on Resistance Change of Conductors 
upon Aging 1500 Hr at 600 C in Argon* 
Wire type AWG Size % Change 
10% Nickel-plated copper 66.2 
10% Nickel-plated copper 207.9 
Stainless steel-clad copper 21.2 
Stainless steel-clad copper : 53.0 
Inconel-clad copper 21.3 
Inconel-clad copper 122.4 
Nickel-clad copper 91.7 
Nickel-clad copper 360.0 


Anodized Conductors 


The cited study of magnet wire insulation materials 
by Raytheon (2) leads generally to the same conclu- 
sions as the studies by General Electric. (3, 4) Of 
particular interest in the Raytheon work is a report on 
several new types of anodized and oxide-coated con- 
ductor metals. The metals investigated included the 
following: 


a. anodized aluminum c. anodized columbium 
b. anodized tantalum d. oxide-coated aluminum. 


*Source: Raytheon Company. 


Table tll—Insulation Resistance (Megohms) of Insulated Wire at High Temperatures 


Initial meg- 40 hr at 


Description of wire ohms at RT 

0 .0126-in. ceramic-coated nickel- 12,700 1600 
clad-copper 

0.010-in. ceramic-silicone-coated 10,500 6190 

stainless steel-clad copper 


300 C (hot) 


40 hr at * 40 hr at 
400°C (hot) | [500 C (hot) 


12.6 2.8) 


40 hr at 
600 C (hot) 


1000 hr at 
600 C (hot) 


0.14* 0.13* 


14.7 0.012 Impossible to 
measure at 


35 volts d-c 


Impossible to 
measure at 
35 volts d-c 


Nete: Measurement made on General Radio 29A Megohmeter. All values are the average of 10 tests. 


*® Two windings measured layer-to-layer. 
Source: Cited Reference (3). 
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Generally, the anodized wires exhibited excellent ad- 
hesion of the insulating film to the wire. The tendency 
of the anodized aluminum wire toward cracking has been 
noted in several investigations and was confirmed here. 
Despite this characteristic, electric strength remained 
stable from room temperature to 350 C (see Table IV). 
The principal disadvantages of anodized aluminum are 
actually (1) low conductivity relative to copper (61 
per cent), (2) difficulty in soldering leads, and (3) 
brittleness (a problem in fine wire sizes). 


Anodized coatings on tantalum and columbium (both 
experimental wires) do not exhibit the type of cracks 
visible on anodized aluminum. At 350 C, however, tan- 
talum’s electric strength is about 20 per cent lower than 
at room temperature; for columbium it is about 75 
per cent lower (see Table IV). Resistivity of the coat- 
ings drops sharply at high temperatures. Work is in 
progress to produce a tantalum-clad copper wire having 
at least 80 per cent of the conductivity of copper. Since 
tantalum does not alloy readily with copper, a tantalum- 
clad wire should retain its high conductivity at elevated 
temperatures. 

Experimental lots of aluminum oxide-coated wire have 
been prepared by Raytheon Receiving Tube Division, 
using an aluminum nitrate bonding process of the type 
employed for coating tungsten filament wires. Although 
early samples failed the flexibility test, a newly developed 
coating technique has yielded wires capable of bending 
around a mandrel three times the wire diameter without 
cracking of insulation. These wires are especially attrac- 
tive because they possess the full conductivity of pure 
copper. 

Some other experimental work reported by Raytheon 
is in these directions: 


1. Electrophoretic coating of silver and copper wire 
with quartz fibers, aluminum silicate fibers, and potas- 
sium titanate fibers. 


2. Fluoride coatings on copper and aluminum. 


3. Diffusion studies intended to eliminate diffusion 
effects in clad wires that cause increased resistance upon 
aging. 


From these diffusion studies it has been concluded 
that chromium is a satisfactory cladding metal for silver 
or copper. Experimental work is under way to fire a 
ceramic coating on chromium-plated wire; the interim 
results are described as “promising.” 


Copper-based Alloy Conductors 


Various copper-based alloys for conductors in high- 
temperature transformers were studied by American 
Machine and Foundry Company under a Wright Air 
Development Center contract. (5) The research specifi- 
cations were as follows: 


1. An ambient temperature range of —65 to +500 C 
and internal hot-spot temperatures of 600 C were to be 
expected in typical operating conditions. Initial objec- 
tive was to develop a conductor having a resistivity of 
5.0 microhm-cm or less at 300 C and a thermal coefficient 
of resistivity so low that the ratio of the maximum to 
the minimum resistance throughout the temperature 
range would be less than 3:5. 


2. It must be possible to manufacture the wire in 
sizes from 16 to 40 AWG and insulate the wire so that 
it can be handled in the manufacture of inductive com- 
ponents. 


Anodized 
aluminum, 
supplier A 

Type 1 


AWG gage 20 20 30 36 

Insulation build (total), in. 0.0004 0.0004 0.0003 0.001 
Conductivity, per cent standard copper 59.5 59.9 , F 99.0 
Flex test* 2x 3x 3x 


Anodized 
aluminum, 
supplier A 

Type 2 


Anodized 
aluminum, 
supplier B 


Alumina-coated 
copper wire with 
silicone treatment 


Anodized 
tantalum 


Anodized 
columbium 





Thermal aging tests on twisted 
wires in air at 350 C» 
Electric strength, vpm: 
25 C after 0 hr 
25 C after 250 hr 
25 C after 500 hr 
25 C after 1000 hr 
25 C after 2000 hr 
350 C before aging 
350 C after 2000 hr 


Tests on double-layer coils® 


Electric strength, vpm: 

60 cycles, 25 C 

60 cycles, 350 C 
Ins. resistance, 25 C, megs 
Ins, resistance, 350 C, megs 
Per cent PF, 1000 cycles, 25 C 


280 (2) 
250 i} 
280 (2 
280 (2 
250 (2 
320 B 
295 (2 


270 (? 320 {2} 260 (2) 
235 (2 280 (2) 250 (2) 125 (2) 

2000 ‘3 500,000 (3) | 1,000,000 (14)} 3000 (14) 
1540 (2) 19,000 (2) 1200 (2) 0.25 (2) 
5.13 (14) 1.45 (14) 0.34 (14) 1.58 (14) 


215 a) 


® Minimum mandrel size, wire diameters around which wire may be wound without cracking the insulation. 
» Number in parentheses indicates number of samples tested to obtain average. 

© Two 1-in. layers of wire wound on Pyrex glass rods. 

Source: Cited Reference (2). 
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3. To prevent deleterious effects of oxidation at ex- 
cessive temperatures, the conductor must be so con- 
structed that it will suffer less than a 20 per cent increase 
in resistivity when exposed to air at 600 C for 1000 hr. 


4. A secondary requirement was that the conductor 
must be operable in the presence of high-intensity nu- 
clear radiation throughout the temperature range and 
without the formation of objectionable corona at at- 
mospheric pressures down to 0.315 in. mercury. 


5. Equally important was the requirement that the 
wire and its insulation must be able to withstand severe 
vibration and shock tests. 


Four binary-alloy systems were selected for research 
and development as possible conductor materials: Cu-Al. 
Cu-Ni, Cu-Mn, and Cu-Zn. The survey of literature in- 
dicated that these binary alloys (with less than 1 per 
cent of the alloying element) might meet the conduc- 
tivity requirements of the contract. It was known that 


Table V—Magnet-Wire Insulation and Varnish 
Combinations Tested for Radiation Effects* 


Iden- 
tifica 
tion 
Number 


1 
2 
3 
4 


5 





Insulation 


| Tetrafluoroethylene 


Tetrafluoroethylene 

Tetrafluoroethylene 

Tetrafluoroethylene 
(heavy) 

Silicone 
tetrafluoroethylene 

Silicone 
tetrafluoroethylene 


| Silicone enamel “‘A”’ 
| Polyester-polyamide 


enamel 


| Modified polyester 


type enamel 
Polyester enamel “‘A”’ 


Polyester enamel “A”’ 


Silicone enamel “B” 


Silicone enamel “B” 
Polyester enamel “B 


Silicone-glass 


| Polyvinyl! formal-ny 


lon combination 
Polyvinyl] formal-ny 
lon combination 
Modified polyester 
type enamel-glass 
served Dacron 
Modified polyester- 
type enamel-glass- 
served Dacron 


| Epoxy 


Glass-served silicone 


| Polyvinyl formal 
Polyviny! formal 


Polyviny] formal 


* Source: Cited Reference (7). 





Varnish 


| None 


Silicone type 


| Silicone type 


Silicone type “ 


“A” 
“A” 

Silicone type “‘A”’ 
A” 

A” 


Silicone type “ 
Silicone type “‘A”’ 


Oil-modified phenolic-| 


type varnish “A”’ 
Oil-modified phenolic 
type varnish “B”’ 
Oil-modified phenolic 
type varnish “C” 

Modified polyester- 


| type enamel varnish | 
None 
| Silicone type “‘A”’ 


Oil-modified phenolic 
type varnish “C”’ 
Silicone type “A” 


Oil-modified phenolic-| 


type varnish “A” 


Oil-modified phenolic-| 


type varnish “C” 


| Silicone type “A”’ 


Oil-modified phenolic 
type varnish “B” 


| Oil-modified phenolic 


type varnish “B” 


Oil-modified phenolic-| 


type varnish ““C” 
None 


| Oil-modified phenolic- 


type varnish “D” 


| Oil-modified phenolic- 


type varnish “C”’ 


Number 
| of 

| coats 

| of 

| varnish 





these four maintain a solid-solution structure throughout 
the range —65 to +600 C in the compositions under 
consideration, and that they would probably have re- 
producible electrical properties because no metallurgical 
changes take place in the structure of the material during 
temperature cycling. Ceramics were selected for investi- 
gation as possible insulating materials. 
The following conclusions were reported: 


1. All test results to date confirm the original hy- 
pothesis that the thermal coefficient of resistivity of 
copper can be substantially reduced by the addition of 
small amounts of any one of several metals and that 
this reduction can be accomplished without raising the 
resistivity at 300 C above 5 microhm-cm. 


2. Conductivity measurements on the bare wire fab- 
ricated from the copper-nickel series of alloys in the 
range 0.4 to 1.0 per cent nickel were acceptable 
under the contract specifications. Of all the alloys, the 
copper-nickel series was the easiest to melt, cast and 
fabricate. Extrapolation of the data taken on the copper- 
aluminum series indicates that this series may be accept- 
able in the range of 0.25 to 1.0 per cent. 


3. Data on the stainless steel-clad and Inconel-clad 
commercial wires confirmed the prediction that the ma- 
terials would not meet resistivity specifications. It was 
shown, that cladding provided protection 
against oxidation at high temperatures. The larger sizes 
of these wires stood up well during the life test, but the 
smaller sizes showed an increase in resistance of more 
than 20 per cent after a 1000-hr life test at 600 C. 


howey er, 


4. Although it has been demonstrated that it is possi- 
ble to manufacture copper-based alloys in wire form 
which meet the resistivity requirements of the contract, 
it remains to be shown that they can be clad so as to 
protect them against oxidation at high temperatures. 


5. In summary, important problems still to be solved 
in this program are: 
feasibility 
alloy within the required tolerances 
the optimum method of metallic 
cladding for protection of a full range of wire sizes 


a. commercial of the optimum copper-based 


. determination of 


against oxidation at the prescribed high temperatures 

». development of suitable flexible (ceramic) insulation 
meeting both mechanical 
ments, and 


temperature and require- 
ultimate compatibility with the other elements of the 


transformer materials and terminations systems. 


Research in England 


Work done by the Royal Radar Establishment in 
England on ultrahigh-temperature transformer magnet 
wire has generally followed the directions evident in the 
United States. (6) A somewhat stronger qualification 
is perhaps evident in regard to the use of silicone-resin 
impregnation for glass-served wire. The silica residue 
left after the volatilization of the organic components of 
the resin is known to have satisfactory electrical proper- 
ties, but the wire is left mechanically fragile and difficult 
to handle. The RRE report suggests the use of suitably 
prepared vitreous enamel glazes to be applied to the 
glass-served wire during the coil-winding procedure. The 
coil is baked at 250 C for a specified period to drive 
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Table ViI—Summary of Nuclear Radiation 
Resistance Characteristics of 
Magnet-Wire Insulation* 


| Insulation and varnish com- 
binations (see Table IV for 


Thermal 
Effect on property life 


Electric 
strength 


Little or no effect 

(90 per cent retention min.) 
Moderate decrease 

(<90 per cent retention) 


10, 11, 13, 14, | 10, 18, 19, 21 


15, 16 


9, 22, 23 11, 13, 14, 15 


Intermediate decrease 8, 20 
(50-75 per cent retention) 


7, 8, 18, 20, 21, 
22, 23, 24 


1, 2, 3, 5, 6, 
12, 16, 17, 
22, 24 


Large decrease 3, 4, 6, 22 
(<50 per cent retention) 





* Source: Cited Reference (7). For the thermal tests, three sets of each com- 
bination (Table V) were irradiated to various dosages with Naval Research Labora- 
tory cobalt-60 source. The fourth set was used as an unirradiated control. Thermal 
tests were performed as described in AIEE Test Procedure No. 57. For the electric 
strength tests, two sets of samples were used and the other two were retained as 
unirradiated controls. The results in both sets of tests were analyzed statistically 
and the arithmetical analyses averages reported. 


off any organic binders present in the glaze and then 
fired at from 550 to 750 C to produce a solid vitreous 
matrix. 

High-temperature coils have also been produced by 
impregnating glass-fiber wire insulation with an alumi- 
num silicate slip and by firing the wound coil at above 
the softening point of the glass. This process, however, 
may subject the coil to temperatures as high as 1000 C, 
thus limiting the choice of constructional materials. Poor 
space factor is also a disadvantage of this method since 
the wire insulation consists of a fibrous lapping. Some 
of the existing problems may be overcome by means of 
a current RRE research program based on coating copper 
wire with a low-temperature ceramic by means of elec- 
trostatic deposition. It is hoped to obtain a magnet wire 
with good windability and good space factor as well as 
the required high-temperature performance. 

Studies in conductor metal at RRE point to a prefer- 
ence for copper, owing to mechanical weakness of 
silver at higher temperatures and the tendency to diffu- 
sion when used with glass insulation, as already noted. 
The British are also apparently quite conscious of the 
much higher costs of silver. An exception is made, how- 
ever, for applications where fine wire sizes are essential 
or where extreme thermal cycling exists. In such circum- 
stances, the British feel that, despite the disadvantages 
cited, silver may be the “only practicable conductor 
material.” 

In their work on copper, copper alloy, and clad or 
plated copper, the investigations have led to the con- 
clusion that a 5-per cent nickel-clad copper wire is the 
most promising material. In respect to the effect of heat 
aging, this alloy appears to give a 3:1 overall advantage 
over plain copper. However, although oxidation due to 
heat aging is relatively small, a permanent increase in 
resistance due to diffusion of nickel into the copper has 
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been noted. The report emphasizes that the final solution 
in the development of a high-temperature magnet wire 
goes beyond the problem of heat-aging effects. The other 
parameters must be taken into account. 


Radiation Effects 


Post-irradiation thermal and electrical properties of 
magnet-wire insulation were investigated at the U. S. 
Naval Research Laboratory under sponsorship of the 
Electric Branch of the Bureau of Ships. (7) Specimens 
of 24 different combinations of insulation and varnish 
were prepared in accordance with AIEE Test Procedure 
No. 57 (Test Procedure for Evaluation of the Thermal 
Stability of Enameled Wire). In some instances, the 
specimens contained no varnish. (See Table V.) 

The results (to date) of this investigation are sum- 
marized in Table VI. These data are not intended to 
be conclusive, but are rather guideposts to the charac- 
teristic behavior of the insulations exposed to nuclear 
radiation. As will be noted, there is a wide variation 
in the thermal and electrical behavior of the insulations 
tested. Some radiation mechanisms apparently affect 
thermal life; other mechanisms, the electric strength; 
still others, both thermal and electric properties in vary- 
ing degrees. A correlation between the thermal and elec- 
trical property changes would be highly desirable. A 
statistical correlation of the data presented and additional 
information is now under way. 

Coil windings were also exposed to combined nuclear 
radiation and 500 C ambient temperature for 1,000 hr 
as part of the General Electric investigation on the 
Wright Air Development Center contracts. (3) The 
data obtained from these tests indicate that the d-c re- 
sistance and insulation resistance of several wire samples 
were relatively unaffected by radiation throughout the 
duration of the tests. The samples tested were windings 
of the following: 


a. double-glass-served nickel-clad copper (0.0126 in.) 
b. double-glass-served silver wire (0.0126 in.) 
c. anodized aluminum wire (0.0285 in.). 
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400-Cycle 
Magnetic Amplifiers 


In comparison with the standard 60-cycle unit employed in in- 


Push-pull, 400-cycle magnetic 
amplifier, epoxy-encapsulated. 


dustrial control systems, the 400-cycle magnetic amplifier pro- 


vides a more stable, lighter weight, more reliable control ele- 


ment with high gain and short time delay. Before using either, 


the systems design engineer should weigh the advantages to 


be gained against the complexity and cost of the necéssary 400- 


cycle supply source. 


R. GACKOWSKI and L. F. STRINGER 
Buffalo Divisions 

WesTINGHOUSE ELectric CORPORATION 
Buffalo, New York 


By DEFINITION, all devices using flux in magnetic cores 
as a gating or control medium may be classed as mag- 
netic amplifiers. Although their development is relatively 
recent, encouraged by the appearance on the market 
of high-efficiency semiconductor rectifiers and low- 
coercive-force, square-loop magnetic materials, they have 
established an excellent reputation in numerous indus- 
trial applications for performance and reliability. Ad- 
vantages cited for magnetic amplifiers are: 


e ability to control large amounts of power up to mega- 
watts level 
large power gains up to 10'* per stage 
ability to withstand momentary overloads 
good drift stability with changes of temperature 
long life, rugged construction, low maintenance 
ability to match impedances 
electrical isolation of the input circuit 
ability to apply several control signals of different 
voltage levels at the same time. 


One disadvantage is the relatively long time delay in 
response to a signal change. 

Definitions of Terms. The gain of a magnetic am- 
plifier is a function of the core material and dimensions 
and is expressed as a constant, K, which is the ratio of 
change of voltage output to change of control ampere- 
turns. 


_ Ale Re 
> a 


where Al, =change of output current 
Al. = change of control current 
R, = load circuit resistance 
N,=number of control turns 


Incremental power amplification, A,, is defined as 


— AT AV — (Alo)’ Ro 
“? al, AVe  (Al.)® Re 


(aI,)’ Ro, N.* 
~ (A1,)* NZ  R, Ro 
where R, = control circuit resistance. 
Substituting K in the equation for incremental power, 
K*? N2 
oe 
For a particular magnetic amplifier the incremental 
power amplification is a function of the control circuit 
N.?/R- ratio. 

In any magnetic amplifier there will be a time delay 
between a change of control voltage and the response 
of the output. The response time, 7’, is a function of the 
ratio of the square of the number of control turns to the 
control circuit resistance and can be expressed 


N.’ 


T=T 
a 


+T, 

where 7, and 7, are constants. The constant 7, is the 
minimum possible or inherent response time. In full- 
wave amplifier circuits the value of 7, will vary from a 
minimum of one half cycle to as much as three or four 
cycles, depending on the amplifier output circuit. The 
value of 7, is dependent on gate winding turns and the 
core size, magnetic properties, and the supply frequency. 


K 


T, = —— 
'  2fN, 
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where 


N, = the number of gate turns 
f = the supply frequency 


Another value used to indicate overall performance 
and evaluate a reactor for various applications is the 
figure of merit, M, which is the ratio of incremental 
power amplification to response time or 


Ay 


M =—2% 
T 


Substituting for A, and T, we obtain 


(5) 
Ma AMAL 
r. (+ Jer, 


For large values of N,?/R, (so that the constant T, is 
negligible), the figure of merit becomes 


72 

— T Ro 

Usefulness of 400-Cycle Amplifiers. Since the 
time-delay constants of a magnetic amplifier are inversely 
proportional to the a-c supply frequency, it becomes 
apparent that shorter actual response time would be 
obtained by supplying the magnetic amplifier from a 
power supply having a higher frequency than the con- 
ventional 60 cps. For industrial and aircraft control, 400 
cps has been generally adopted as the higher frequency, 
although recently 1600 cps is appearing in some ap- 
plications. 

Advantages of 400-cps magnetic amplifiers compared 
to 60 cps units are: 


M 


(1) shorter time delay 

(2) higher gain 

(3) smaller size and weight for the same power handling 
capacity. 


Disadvantages are: 


(1) a 400-cps source is not always readily available 
(2) higher iron losses per unit weight (offset by smaller 
weight of material). 


400-Cycle Power Sources 


Alternators. The 400-cycle alternator, although more 
expensive than other means for providing a 400-cycle 
supply, is by far the best. Its use enables one to separate 
the control circuit electrically from the power circuit. 
The voltage and frequency are usually kept constant 
within very tight limits so that the errors commonly 
introduced by poor regulation are avoided. Where a 
400-cycle alternator is provided, the whole control sys- 
tem usually operates at this frequency. 

Magnetic Frequency Multipliers.* Magnetic frequency 
multipliers have in recent years again become quite 
popular. They provide a static and rugged means for 
converting available frequencies such as 50 or 60 cps 
into higher frequencies. In magnetic-amplifier applica- 
tions, they are mostly used only when the control circuit 
is simple or when only a small part of the control system 
operates at the higher frequency. The higher frequency 
has to be an odd-number multiple of the basic frequency, 


*See ‘Static Frequency Multipliers for Induction Motors,” G. Schohan, Exec- 
tricaL Manuracruninc, April 1956, p 136. 


APRIL 1960 


so the actual frequency output of the multiplier is usually 
7 X 60 = 420 cps. 

Static Inverters.{ Static transistorized inverters are 
the latest addition to 400-cps sources. They can work 
either from a straight d-c supply or from a rectified, low- 
frequency a-c supply. At the moment, their power and 
voltage levels are still limited by the available transistors 
but, with the big progress being made in the semi- 
conductor field, their ratings will soon increase and their 
cost decrease. They are used to supply low-power mag- 
netic amplifiers. 

Basic Design Considerations. The basis of the 
saturable reactor design is similar to that of a trans- 
former design and depends on the choice of a core area 
and a window area based on an estimate of a suitable 
flux density, current density, and window space factor. 
It can be shown that there is a simple numerical relation 
between the output and the main dimensions and loadings. 


Let 


By, = max saturation flux density, weber per m? 
S =current density, amp per m? 
¢ = core section, m? 

k, = space factor of core 
A, = window area, m? 
ky = space factor of window 
f = frequency, cps 
's = saturation voltage, volts rms 
= load current, amp rms 
N, = number of gate turns 
A, = area of gate conductor, m* 


The saturation voltage is 
E, = 4.44fNjk-AcBns 
The gate winding copper area is 
NyAg = KuAw 


The load current is 


Hence, 


Substituting and multiplying both sides by /, 
E,I = 4.44fBmsSk-RyAwAc 


This shows that the rating of a saturable reactor is 
proportional to the product of the window area and 
the core area. 

The core dimensions and volume decide also the per- 
formance of the reactor, its gain and time constant. The 
time constant 7 (neglecting T.) is given by 


~ QfN, R, 


The gain can also be expressed 


A 
K = 2{Nju—— 
Ln 


where 
L,, = mean magnetic path 
p = permeability 


The permeability depends on r, the ratio of ID/OD. 


t See “Design Techniques for Static Inverters, Parts 1 and 2," A. A. Sorensen, 
Evecrnica, Manuracrunine, January 1960, p 79, and February 1960, p 84. 
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For ID/OD < 0.75, 


For ID/OD 2 0.75, 
w= HO 


where 4. — maximum permeability. Substituting in the 


gain equation, 
l+r /A, 
K =—JfN,uo| ~ 
, oo te | A 


The time constant is given by 


The core area is 


OD + 1D = 
g(t \p wen tas 
2 2 


and the mean magnetic path length is 


OD ) 
- (2 4 1 )s . op btn 


so that 


oD 
A, g%-"* ja-n 
Dagy, rate 


9 1 


- 


bn 


Substituting in the expression for time constant, we obtain 


T = Hoh \ Ne. 
Tx R. 


The magnetic properties of toroidal magnetic amplifier 
cores are usually obtained by means of the constant- 
current flux-reset test method. The test consists of apply- 
ing a constant half-sine-wave current to an excitation 
winding. A d-c demagnetizing current is applied to a 
separate winding so as to reset the flux during the in- 
tervals between excitation current pulses. A sensitive 
flux voltmeter connected to a pickup winding measures 
the cyclic flux changes. Data are usually obtained only 
at selected standard test points. From this data the mag- 
netic properties of the cores tested can be evaluated. 

Cores wound of Hipernik V, 2-mil material, which is 


Comparison of Characteristics of 60- and 
400-cycle Amplifiers 


Characteristic 60 cps 400 cps 


Voltage 230 230 

Core ID X OD X A, in. 334 x 4% x 142% x3KxX 
Number of gate turns, N, 1190 : 628 

Time constant 7), sec/N2/R. | 0.000706 0.000143 
Ouse resistance, ohms 25 25 
Internal gain, V/AT | 100 | 72 
1,450,000 


Figure of merit, watts/sec 565 ,000 


Weight encapsulated, | 14 
lb (approx.) 


114 


a 50 per cent nickel, 50 per cent iron alloy, have been 
tested by means of the constant-current flux-reset method 
and the following values of permeability were obtained: 


for Cen = 60 
or Cps, wo = 0.4 AT/m 


For 400 0.246 ( Meber/m” 
For cps, = 0.246 
a AT/m 


It can be seen that permeability decreases with frequency. 
This is related to the widening of the dynamic hysteresis 
loop as the frequency is increased. 

Inserting the permeability values in the equation for 
the time constant, we obtain 


J 0.406h Ne 
Too = iatnanse a 
Tx R, 


0.246h \'N2 
== — De 


4 Rk 
where h is in meters. If fh is in inches, 


0. 406h N2 N.’ 
DT ih csiamnperrer eae —— = 0.000469/ — sec 
60 I X 39.37 R, Re 


ear N2 N 2 
>: — = 0.000285h —_ sec 


0.246h Ne 
R- R, 


Oo Tx X 39.37 
For cores having equal heights, the time constant for 
the 400-cps core is about 40 per cent lower than for a 
60-cps core. The higher supply frequency can be used 
either to reduce size or increase speed of response. 

Comparison of 400-Cycle and 60-Cycle Ampli- 
fiers. Let us compare reactors having the same power and 
voltage rating, one suitable for 60-cps supply and the 
other for 400-cps supply. The data are given in the 
accompanying table. 

It can be seen that the time constant for the 400-cycle 
unit is almost 5 times smaller, the figure of merit is 
2.5 times larger, and the weight is reduced by 55 per 
cent. Due to the change in permeability of the magnetic 
material, the gain is somewhat lower. In the above 
example, the emphasis was on showing how the time 
constant can be reduced. On the other hand, it would 
be possible to substantially increase the gain of the 
400-cps amplifier by changing from 50 per cent Ni, 50 
per cent Fe material to a material having a much higher 
differential permeability such as Hipernom, which con- 
sists of 79 per cent Ni, 4 per cent Mo,-and 17 per cent 
Fe. It is generally used only in high-performance mag- 
netic amplifiers where an extremely high level of control 
sensitivity is required. 

The advantages of the 400-cps unit in reduction of 
size and weight of components used really become ap- 
parent in applications which call for very high output 
power. Components which it would be almost impossible 
to produce and physically accommodate in the control 
system for 60-cps supply can be manufactured with 
relative ease for 400 cps. 

Transportation Time Delay. Another advantage of 
the 400-cycle magnetic amplifier is its short transporta- 
tion time delay. The time interval between the applica- 
tion of the control voltage and the instant at which 

(Continued on page 194) 
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Applications 


Miia sncetines: tor 
used in industrial control. Se deiokt ce sub attts aee 
three-phase, single-stage or multistage units find numerous appli- 
cations in open and closed-loop control 


systems. 
“Some typical single-stage amplifiers and their characteristics 


~ ate views ti’ Figs. ‘1 through 5. Silicon diodes were used as 


A-C supply 
Control 


Control 


rectifiers in obtaining the transfer characteristics. The transfer 
curve of the 3-phase amplifier is similar to the single-phase Control 
characteristic and is not shown. 

In a typical variable-voltage mill-drive application, a 400-cycle onl 
magnetic amplifier used as a motor-generator regulator has very 
high accuracy and fast stable response. The amplification is in 
two stages and has fast response relative to the major system 
delay. This causes the system to be inherently’ stable. A small a we 
amount of rate feedback is used to obtain optimum response. In Fig. 1—Schematic diagram of single- 
this application, for a 2 per cent step error at 50 per cent sided, self-saturating magnetic amplifier 
generator volts, the generator response is accomplished in less (bridge cirenit). 
than 0.1 sec with a slight overshoot, as can be seen in the re- 
sponse characteristic shown in Fig. 6. 


Control 
OA sno 


Control 
OA AAO 


Control 
Oe 1 ble 4 ApnO 


Bias 


| eee 
04 -03 -02 -O!1 O Oo! O02 O38 
Ampere - turns 


Fig. 4— Transfer characteristic for Fig. 3. 
Input is 120 volts, single-phase, 400 
cycles. Gain is 1000 volts/ampere-turn 
Ampere - turns with 300 ohms load on each side. 
Fig. 2— Transfer characteristic of ampli- Fig. 3 — Schematic diagram of push-pull, 
fier shown in Fig. 1. Input is 240 volts, 400-cycle magnetic preamplifier. 
single phase, 400 cycles. Load is 30 ohms 
with gain of 110 volts/ampere-turn. 


0 0.05 O10 O15 O20 025 030 
Time, sec 
Fig. 6— Response characteristic of 400- 
cycle voltage-regulator rolling mill drive 
control system. Error response for 2 per 
cent instantaneous change in reference at 
40 per cent rated mill voltage. 


<€ 


Fig. 5 — Schematic of three-phase, bridge- 
circuit magnetic amplifier. 
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Dry-Circuit Evaluation of 


{ summary of the causes of non-conduction in low-level 


electrical contacts and the results of environmental tests 


on two forms of mechanical-type connectors evaluated from 


a reliability standpoint in dry circuits encountered in de- 


fense electronic equipment, 


JEROME W. KAUFMAN* 
HAROLD R. SUTTON 
ALBERT V. BALCHAITIS 
WILLIAM R. MATTHIAS 
Central Engineering 

Defense Electronic Products 
Rapio CorporaTiON OF AMERICA 
Camden, New Jersey 


WHEN THE so-called “hardware” 
been reached in a major RCA defense electronic equip- 


stage of design had 


ment, it became evident that the types of electrical 
connections selected were most important since many 
of the circuits were at extremely low electrical levels. 

The first thing attempted was to define a “dry circuit” 
in terms of circuit parameters. This quest was unfruit- 
ful, as there is no accord, either in government or indus- 
try, as to the exact definition (see panel herewith). 
Nothing more definite than the generalization “low-level 
circuit” was established. Nevertheless, we knew that 
our electrical requirements were set. Specifically, the 
requirement was for a circuit which would operate 
reliably at a voltage of 1 millivolt or less and with a 
current of | microamp. This electrical level is definitely 
in the realm of dry circuits. Furthermore, it can be 
safely stated that, in a dry circuit, electrical continuity 
must exist without film penetration electrically—that is, 
without penetration of any adsorbed film or mechanically 
entrapped contaminant through a “fritting” voltage (to 
be explained later) or through a softening of the con- 
tacting surface by a sufficiently high current. This limi- 
tation excludes mechanical penetration through break- 
down of the contacting surfaces. 


engineer and team director of the dry-circuit study reported here 


Customarily, for low-level operation, the accepted 
joining technique is soldering. But it is recognized by 
the U.S. Air Force (for one) that the failure rate of 
soldered joints at best is only as low as one failure in 
10,000 joints for 10,000 hr of operation. A quantitative 
reliability requirement of joints, on the other hand, is 
a failure rate of one in 250,000 joints for 10,000 hr of 
operation. To obtain such a decrease in failure rate 
(25 fold) is inconceivable at the present state of the 
art of soldering. 

Crimped connections, because of varying degrees of 
mechanization of the operation and elimination of the 
variability of the human factor almost entirely, are com- 
pletely uniform and consequently almost 100 per cent 
reliable. For operation at these low electrical levels, 
however, their suitability was questionable as there was 
no prior knowledge. Hence a study was set up to con- 
firm the reliability of two types of mechanical con- 
nections under simulated extreme environments. 

The connections are somewhat unorthodox when used 
in such low electrical operation. These are mechanically 
crimped connections in a modular socket-type terminal 
board, Fig. 1, and the closed-entry crimp-type snap-in 
contact, Fig. 2. The term “modular socket type” is a 
generic one and basically represents a multiple terminal 
strip provided with spring-loaded sockets which can be 
locked by means of a screw. Each module body, molded 
of Zytel 31, has a threaded insert to accommodate the 
socket assembly. These modules are designed to inter- 
lock, forming a multi-position strip secured in a track, 
with provisions for the removal of any module without 
removing adjacent modules. This type of connector is 
usually selected for mechanical ruggedness and for high- 
voltage breakdown capabilities. The closed-entry crimp- 
type snap-in contact is used in a two-part or printed- 
circuit card-mounted connector. One part is securely 
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Mechanical Connections 


Dry-Circuit Definitions 


A year ago, at an ASTM Committee B-4, Subcommittee 
IV, meeting in Washington, Dr. Ragnar Holm, a recog- 
nized authority in the field of electrical contacts and 
the author of Electric Contacts Handbook, said that 
the term “dry circuit” is incapable of an exact defini- 
tion, but that it should apply to any low-voltage, low- 
force circuit, and that the exact condition might be 
different in different cases. 

This approach has been largely corroborated by a 
report of the National Association of Relay Manufac- 
turers, Technical Committee II Progress Report, titled 
“Relay Testing Procedures,” dated April 1959, in 
which a tentative definition of the “Absolute Dry- 
Circuit Area” is given:* 


“In general terms, the Absolute Dry-Circuit Area 
is that area of contact loading in which only mechan- 
ical forces (impact, pressure, wipe, abrasion, strain 
hardening) can change the condition of the contact 
interfaces; there can be no thermal effects (softening, 
melting) or electrical effects (arc transfer, bridge 
transfer, loss of material). Thus the Absolute Dry 
Circuit Area shall be defined as that in which the 
open-circuit voltage does not, for an appreciable time, 
exceed the softening voltage for the contact material 
used.” 


* Also reported on p 86, Execraica Manuractunine, July 1959, in the 
article “Relay Test Code Advanced,” being a summary report of the 
7th National Conference on Electromechanical Relays held at Still- 
water, Okla. in May. 


fastened to the printed board, and the contacts are elec- socket-type connection. Tin contacting surfaces which 
trically connected to the etched circuitry by a dip-solder- mate mechanically are suspect in low-level circuits due 
ing operation. The second part of the connector is to the formation of tin oxide, which is a natural inhibitor 
mounted on the chassis and contains sockets for the of good electrical conductivity. It was hoped that the 
external terminal connections. modular socket-type connector design, in which pressure 

Tin plating was employed as the finish for the modular is applied to the ferrules (wire terminals) by means 


Fig. 2 — Closed-entry, crimp-type snap-in contact connector for 
printed-circuit board. 


<& 


Fig. 1— Multiple terminal strip consisting 
of four modular socket-type terminal arrays. 
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of clamping, would be suitable through a_ penetration 
of the oxide film by the applied load. Here was a com- 
pletely unknown quantity—as far as dry-circuit appli- 
cation is concerned. 

Gold as a plating material is recognized as the desir- 
able contacting surface and there was _ considerable 
thought given to gold plating these connectors for this 
application. However, the cost per module would have 
been at least doubled. Even if the finish were changed 
to gold, an uncertainty existed as to whether the change 
in plating would assure satisfactory operation. There 
was no history of operation at the required electrical 
levels for gold-plated connectors of either type studied. 
The closed-entry, crimp-type snap-in contacts were gold 
plated. 


Causes of Non-Conduction 


Before describing the results of the environmental 
tests on these dry-circuit connections, it would be well 
to review the various effects and troubles encountered 
in electrical contacts in general.* 


e@ Contact Resistance. When conductor metals are 
brought together under circuit conditions where only 
very small currents would normally flow through them 
and where very small open-circuit voltages exist, they 
often exhibit low or (in many cases) zero electrical 
conductivity. In the case of a clean metal contact with 
no disturbing film, the contact resistance is simply a 
purely ohmic, constriction resistance. Constriction re- 
sistance exists because actual contact takes place only 
in an extremely small fraction of the apparent contact 
surfaces. In these localized areas a considerable constric- 
tion of current flow occurs, and a high resistance is 
localized within the body of the contact member. The 
size of the actual contact surface and therefore the 


resistance of the constriction depend principally upon 
the contact pressure and the hardness of the contact 
material. Since clean metal surfaces are rare, contact 


resistance is usually a combination of resistances— 
constriction resistance and film resistance. 

* Work of Subcommittee IV, Committee B-4, of the American Society for 
Testing Materials and the Electric Contacts Handbook by Dr. Ragnar Holm 


Springer-Verlag, Berlin (1958), have been drawn on to support the definitions 
given in this section 


Fig. 3 — Test set-up of modular socket-type terminale connected 
in series so as to prevent leads from affecting connector contacts. 
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e Tunnel Effect. Initially clean metals exposed to 
air are soon covered with films of foreign composition 
and thickness determined by characteristics of the metal 
and by the gases in the air. Even noble metals are soon 
covered by a layer (usually oxygen) of at least mono- 
molecular thickness. This and other films of similar 
thickness covering each of a pair of electrical contacts 
present a smaller opposition to current flow than would 
be indicated by the resistivity of the film material. This 
phenomenon of conduction through insulating film or 
space of thickness in the order of the wavelength of the 
electron has been termed “tunnel effect.” 


@ Fritting. Films too heavy to permit appreciable 
tunnel-effect conduction also form on many contact ma- 
terials when exposed to a normal environment. Inor- 
ganic films in the form of oxides, sulfides or carbonates 
form on the usual base metals. Even noble metals such as 
platinum may be covered by an organic film. As the 
voltage across a pair of contacts is increased, other modes 
of conduction become effective, and the apparent re- 
sistivity decreases by as much as a power of 10. When 
the potential gradient in the film approaches 10° 
volts/em, further increases in voltage will produce a 
sudden decrease in resistance, accompanied by a drop 
in contact voltage to a value approximating the melting 
voltage of the contact material. This is the voltage cor- 
responding to the melting temperature which is obvi- 
ously the upper temperature limit in a solid contact. 
Any increase in contact voltage causes the contact faces 
to sink together, forming a greater contact area capable 
of carrying the current in the solid state. 

It appears that the high-intensity field has punctured 
the film, and the gap formed is bridged by molten metal 
which solidifies when its volume is sufficient to carry 
the circuit current at less than its melting temperature. 
This voltage phenomenon is called “A-fritting’. Prob- 
ably only one such bridge is formed between a pair of 
contacts, since the voltage then drops below the value 
necessary to puncture the film. Similar fritting action 
has been observed at puncturing voltages below the 
melting voltage of the contacts. In these cases, it is 
assumed that the bridge is built up of ions rather than 
molten contact material. This effect is call “B-fritting”. 


@ Formation of Local Cells. Two dissimilar metals 
in contact with one another will set up an electrochemical 
cell. The more electropositive (more noble) metal be- 
comes the cathode; the more electronegative, the anode. 
The action of local cells is dependent on the presence 
of a water film sufficient to conduct electricity. The 
anode dissolves; the cathode does not. To minimize 
any cell effect, a metal plate must have almost the same 
electro-potential as the material it is protecting. Hygro- 
scopic dust particles also promote formation of local 
cells. These formations could interfere with or even 
insulate connector contacts. By reversing the polarity 
of the source voltage, the extent of the potential caused 
by possible local cells can be determined. (For the en- 
vironments employed in these tests, the significance of 
local cells was found to be negligible.) 


@ Thermoelectric Effects. Temperature differences 
in dissimilar metals may cause an emf to be generated 
which may oppose the applied low-level voltage and tend 
to indicate a dry-circuit failure. In general, on clean 
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solid metallic contacts, it has been established that the 
influence of thermoelectric effects is negligible. Again, 
thermoelectric effects can be measured quantitatively 
by reversing the polarity of the source voltage. 


@ Creep. Creep is the flow or plastic deformation 
of metals held for long periods of time at stresses lower 
than the normal yield strength. No metal is exempt 
from this phenomenon. The extent of the atomic dif- 
fusion, which is the basis of “creep”, is dependent on 
the metal and of course upon the temperature. In a 
pressure-type electrical connector, the squeezed contacts 
give way gradually under the pressure of spring action 
or a screw, thus diminishing the pressure. In addition, 
relative movements in the contact generated by changes 
in volume of the members because of temperature varia- 
tions as well as vibrations may loosen contact points if 
the initial contact surfaces are only quasi-metallic (the 
monomolecular film covered variety) and the adherence 
consequently small. If the temperature variations and 
the vibrations are sufficiently strong, contacts will loosen 
though fully metallic. These contact spots will then oxi- 
dize, although they are usually under pressure. The rate 
of oxidation will increase with time, probably because 
the oxide layer provides pores into which oxygen may 
penetrate further. In addition, the developing oxide may 
force the contact members apart and create new air 
tunnels. 

The phenomenon of creep, while not effective for the 
contact designs discussed in this article, may be of 
significance in other mechanical connections wherein 
vibrations or temperature effects could cause displace- 
ment of the male and female contacts. 


@ Contact Noise. There are two varieties of contact 
noise — thermal and current. Thermal noise, also called 
Johnson noise, is heard as a continuous hum and can 
never be avoided, since it is implied by the discreteness 
of the electronic charges and the random motion of the 
electrons. The intensity of the Johnson noise is inde- 
pendent of the contact material and the current. It is 
the same for all frequencies below a very high fre- 
quency limit. 

Current noise is significant where at least one member 
is semiconducting. It arises from spontaneous changes 
in contact spots, and these influence the current, making 
the wave amplitude of this noise proportional to the 
current. Its intensity is approximately inversely pro- 
portional to the frequency; in the audible range the 
current noise may be many times stronger than the 
thermal noise. 


Testing Procedures and Results 

Considerable effort was expended in devising a re- 
liable test circuit. None that had previously been de- 
signed was suitable inasmuch as the current and voltage 
were maintained too high. By “too high” is meant that, 
if there were a barrier to current flow due to contamina- 
tion at the contacting surface, the source voltage would 
serve to clear the contacts of the contaminant. The flow 
of current in this case would obviously mask the dis- 
continuous circuit and hence the Gry-circuit failure 
situation. 

Preliminary investigation indicated that the contact 
resistance per mated contact would be very low, making 
measurements across individual connectors impracticable. 
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Voltage divider | 


Voltage divider 2 


Double-pole, 
3-position, center-off 
knife switch 


Fig. 4— Double voltage-divider network used for dry-circuit 
tests. 


Hence, the modules of each connector bank for the socket- 
type terminal board and the individual contacts for the 
closed-entry crimp-type were wired in series to increase 
the 7R drop across the group and reduce the number 
of individual measurements. Each connector bank was 
mounted on a base constructed to prevent the leads from 
causing any stress on the contacts and to reduce the 
effects of vibration. The socket locking screws were 
adjusted so that the springs were completely relaxed. 
A typical set-up demonstrating the rigid mounting is 
shown in Fig. 3. For the modular socket-type terminal 
board, each connector bank contained 12 modules of 
four contacts each, or a total of 48 contacts per bank. 
The total resistance of the wire (48.273 milliohms) was 
based on measured values. For the printed-board com- 
pression connector, each bank consisted of the connector 
body with contacts (Fig. 2). Four connector banks of 
each connector variety were tested. 

A double voltage-divider network was set up, as shown 
in Fig. 4, and calibrated to give voltage gradations in 
steps of a 0.1 microvolts up to 1 millivolt. The second 
divider was chosen to keep the source impedance low 


Fig. 5—Dry-circuit measurements being made on modular 
socket-type terminal array. 
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so as to maintain the open-circuit and the closed-circuit 
voltages relatively the same. A 2.2-volt lead-acid storage 
battery was used as the d-c source, connected through a 
reversing knife switch to the input of the first divider. 
The connector bank was connected in series with a Kintel 
Model 204A electronic galvanometer across the output 
of the second divider. This galvanometer has a constant 
input resistance of 10,000 ohms and its current sensi- 
tivity is 2 * 10™ amp per division. Its accuracy, in 
the range of application in this circuit, is 3 per cent. 
A preliminary instrumented test set-up is shown in Fig. 5. 

The voltmeter (E) used to calibrate the divider was 
removed to prevent any loading effects during the tests. 
Initially, the divider was set to the zero position and the 
power switch to the off position. With the power on, the 
divider switch was advanced to the first position (0.1 
microvolts) and the galvanometer usually indicated a 
slight current. The polarity of the source voltage was 
reversed and the galvanometer pointer was deflected in 
the opposite direction. (Reversing of polarity tended to 
compensate for any thermoelectric effects, and since the 
current level was extremely low, also aided in determin- 
ing whether the meter was showing zero drift or actual 
current flow.) The voltage divider switch was then ad- 
vanced through each step until the output voltage was 
1 millivolt. The polarity of the source voltage was re- 
versed at each step, the meter zero was monitored, and 
the current readings were recorded. On the second trial 
of the socket-type connectors, the socket locking screws 
were tightened to a torque of 10 in.-lb, and the test 
procedure was repeated. 


Environmental Tests 

The testing entailed subjecting the contacts to severe 
environmental conditions and determining the degree of 
degradation of the electrical circuit as a result. Measure- 
ments included initial contact resistance, contact re- 
sistance after moisture cycling, moisture and dust cycling, 
exposure to hydrogen sulfide, and salt spray exposure. 
A test was also made to determine the threshold of con- 
ductivity. Measurements were also made on a modular 
socket-type terminal board assembly after exposure for 
over two months on the roof of the Camden laboratory. 
Results of the tests are summarized in Tables one and two. 


e Ambient Conditions (1 and 1A). This test, at 
ambient conditions of 26 C and 50 per cent RH, gave 
no indication of a dry-circuit failure. For the modular 
socket-type terminal board, tests were run with the 
socket locking screw springs both relaxed and com- 
pressed. No difference in current flow was indicated by 
the adjustment of the socket locking screws. Apparently 
the change in the contact resistance was insignificant 
compared to the impedance of the wire and the galva- 
nometer. 


@ Salt Spray Test (2). After exposure to a 20 
per cent salt solution at 35 C and 95 per cent RH for 
68 hr, a dry-circuit failure developed in the connector 
bank (Table I). This condition existed until the voltage 
was increased to a level sufficient to break down the 
contamination on the contacts. When the flow of current 
had been established, the flow was maintained down 
to the lowest voltage level. This indicated that once the 
surface contamination had been broken down, the dry- 
circuit failure no longer existed. 
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Table I—Results of Environmental Tests on 
Modular Socket-Type Terminal Boards under 
Dry-Circuit Conditions 


Voltage Test No. 

level, (current readings in milli-microamp) 
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SCoCcCoCoOSCoCCOScSo}M,: 


Test No. and type: 1. Ambient conditions (spring relaxed) 

1A. Ambient conditions (spring compressed) 

2. Salt spray 

3. Hydrogen sulfide 

4. Humidity 
*When current flow had been established, the voltage was reduced in steps to 
0.1 microvolt. The flow was continuous down to 0.1 microvolt. 


e Hydrogen Sulfide Test (3). Exposure to an en- 
vironment of hydrogen sulfide for 240 hr caused a dry- 
circuit failure in the connector bank. This condition 
existed until the voltage was increased to a level sufficient 
to break down the contamination on the contacts. As 
in the case of Test (2) the dry-circuit failure condition 
then no longer existed. 


e@ Humidity Test (4). After two days’ exposure to 
a 95 per cent RH, a thermal battery effect developed 
in the connector bank. This effect could have been due 
to current leakage through the atmosphere within the 
test chamber or contamination on the contacts. It was 
intended that a daily continuity test be made, starting 
at 0.1 microvolt and in steps up to 1 millivolt. However, 
this thermal battery effect made any attempt at making 
measurements of current flow meaningless. 

For the modular socket-type terminal board, the volt- 
age measured across the connector bank varied from 
20 to 40 microvolts. 

Due to the difficulty experienced with the monitored 
humidity test, the closed-entry, crimp-type snap-in con- 
tact was measured at ambient conditions only after a 
24-hr drying period. The continuity test performed then 
indicated no dry-circuit failure. The current readings 
showed no deviation from the initial readings tested at 
ambient conditions. After the environmental exposure 
to salt spray and hydrogen sulfide, a conductivity test 
similar to that previously described was performed on 
each sample. After each reading, the voltage divider 
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Table Il—Results of Environmental Tests on Closed- 
Entry, Crimp-Type Snap-in Contacts under Dry- 
Circuit Conditions 


| 
Voltage Test No. 
level, (current readings in milli-microamp) 
micro- |}—————— - ~ -— |——— 
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Test No. and type: 1. Ambient conditions 


3. Hydrogen sulfide 
2. Salt spray 


4. Humidity 


* When current flow had been established, the voltage was reduced in steps to 
0.1 microvolt. The flow was continuous down to 0.1 microvolt. 


switch was returned to zero before being advanced to 
the next higher voltage. When current flow had been 
established, the voltage was then reduced to zero, step 
by step, and a current reading made for each step. Then 
the voltage was increased, step by step, up to 1 millivolt. 

A connector bank was exposed to a 10-day cycling of 
temperature at high humidity, as indicated in Fig. 6. 
The condition of the sample was checked daily by mak- 
ing connection to leads extended out of the test chamber. 
Upon completion of the humidity cycling and after a 
24-hr drying period, a continuity test was performed. 


Daily measurements 


Temperature, di 


Fig. 6 — Plot of 24-hr temperature cycling test at high humidity. 
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Current readings are recorded in the tables for Test (4). 


Results 


The purpose of this testing was to determine conduc- 
tivity, and the relative readings fulfilled this purpose. 
Admittedly, the readings of current below 0.1 milli- 
microamp could be considerably in error. Accurate 
readings in this area are beyond the scope of available 
test equipment. 

Results of the tests of both types of contacts as shown 
in the tables indicate that a film is formed under salt 
spray and hydrogen sulfide environment, as indicated 
by a dry-circuit failure. This film is relatively slight, 
since conduction takes place at 1 microvolt and above. 
When, in the course of testing, the voltage was subse- 
quently reduced, conductivity persisted through vanish- 
ingly low voltage values. This phenomenon suggests that 
conduction in these cases may have been a voltage effect 
— “A-fritting” or, possibly, “B-fritting”. In tests of the 
closed-entry, crimp-type snap-in contact in ambient and 
humidity conditions, the readings by the electronic gal- 
vanometer below 1 microvolt indicated noise present, 
and readings could not be taken with any appreciable 
accuracy. This noise effect may consist of both thermal 
and current noise, although the fluctuations indicate 
that the effect was primarily due to current noise. 

The test of the modular socket-type assembly after 
exposure to the rooftop environment for over two months 
disclosed no degradation. This result is to be expected, 
as our artificial accelerated environments simulate ap- 
preciably long-term usage. 


Conclusions 


For the particular connectors employed in this study, 
satisfactory dry-circuit operation at the electrical levels 
of service for this major RCA equipment can be assured, 
even after subjection to severe environmental conditions. 
The great disparity between the actual level of dry- 
circuit service for this project and the appreciably lower 
level in these tests serves to enhance the confidence in 
the reliability of these connectors as established by 
these tests: that is, high reliability is assured through 
the high safety factor employed. 

This study has disclosed that suitability of a connector 
for dry-circuit operation is dependent upon its particular 
design and materials. The socket type is suitable, despite 
its tin plating, due only to the extreme unit pressure 
applied by a screw to the contacting surfaces. This 
pressure serves to break down the tin oxide film that 
forms and provides intimate metallic contact. If good 
contact cannot be assured through adequate pressure, 
then gold should be employed as the plating material. 

The “threshold” of voltage reported herein is very 
much lower in value than the level commonly considered 
by other investigators as the fritting voltage range. This 
difference indicates that the shape, pressure and contact 
platings are powerful influences in the complex condi- 
tions for conduction. 

The test circuit designed for this dry-circuit study 
has met all the requirements to simulate the conditions 
of operation in this equipment and the circuit is suf- 
ficiently universal that it may be utilized for other 
connectors to evaluate dry-circuit service suitability. 

Oo0°o 
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Logic Circuitry 
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THE TERM “logic” is now accepted in engineering 
language as applied to circuits or circuit elements 
(modules). It is even being used by advertising copy- 
writers! But the term is often loosely or narrowly 
used, being generally limited to AND, oR, NoT, and 
NOR logic functions. Many writers on Boolean alge- 
bra circuit applications, our own included, gloss over 
logic or refer to it blithely with the inference that 
the reader understands “what is meant.” Our very 
popular Boolean algebra series,* introduced in 1958, 
dealt with the language and laws of Boolean alge- 
bra rather than the language and laws of symbolic 
logic, which were inferred. Our first article on Boolean 
algebra (August 1954) referred to logical diagrams 
without explaining their origin. The conviction that 
it was high time we got back to basic principles led 
to our scheduling the present Science & Engineering 
insert (see facing page) prepared by Associate Editor 
Alice Mary Hilton. 

Logic deals with the canons and criteria of validity 
in thought and demonstration. The history of formal 
logic begins with Aristotle (384-322 B.C.) who was 
the first to study logical principles per se. Aristotle’s 
traditional syllogism (the idea of categorical propo- 
sitions of the subject-predicate form) survived for 
centuries, but all attempts to translate it into symbols 
and mechanical devices that might test the validity 
of the conclusions failed. This was so primarily be- 
cause the premises and conclusions medieval scholars 
sought to test “objectively” were suited to intuitive 
knowledge rather than deductive reasoning (and were 
thus unsuited to logical argument) and also because 


* “Engineering Applications of Boolean Algebra,”" Boris Beizer and 
Stephen W. Leibholz, an Exvecraican Manuracturinc combined reprint. 
Price $2.00-—see page 228. 


no adequate symbolism or calculus was developed. The 
profound contribution made by the English mathema- 
tician George Boole (1815-1864) was the development 
of an algebra of logic and, thus, a workable calculus 
of logic. 

Symbolic logic and Boole’s algebraic system re- 
mained in the domain of mathematicians and philoso- 
phers until Claude E. Shannon showed [in his Master’s 
thesis, written at the suggestion of Vannevar Bush 
at MIT, and later published in the transactions of the 
AIEE (1938) | that the structure of an electric switch- 
ing circuit is essentially identical with the structure of 
an algebra of logic, which thus affords a systematic 
method for simplifying complicated combinations of 
switching elements. Eleven years after the publication 
of his thesis, Shannon, then with the Bell Telephone 
Laboratories, published his article on “The Synthesis 
of Two-Terminal Switching Networks,” and the appli- 
cation of Boole’s basic principles to the analysis of 
electrical networks was thus launched. 

The application to data handling in computing ma- 
chines followed. As in the case of telephone circuits, 
where a closed relay contact could be “true” (1) and 
an open contact “false” (0), a digital computer could 
be programmed to make logical decisions on the basis 
of preset criteria. The next application of logic cir- 
cuitry was in computer-type controls as automation 
techniques began to be more widely applied in in- 
dustrial and military applications. Nevertheless, when 
industrial solid-state switching controls were first in- 
troduced five years ago, they were referred to as 
“static” rather than “logic control” devices, although 
their designers used the language of Boolean algebra. 

There is no question that with the help of articles 
published in ELecrricaL MANUFACTURING and else- 
where on Boolean algebra techniques, the circuit de- 
signer has been able to meet his requirements. But we 
believe it will be greatly to his advantage to examine 
the basis of these techniques in detail by reading in 
the literature of logic itself. He will meet the strange 
vocabulary of the logician: the Laws of the Universe 
Class, of the Null Class, of Tautology, of Association, 
of Distribution, of Complementation, of Duality—to 
mention but a few of the postulates of logic and 
Boolean algebra. But if he will follow Editor Hilton’s 
discourse and study in particular the summary table, 
he will find the abstract definitions of these basic laws 
translated into more familiar language and symbols 
—into set theory, logical symbols, engineering symbols, 
geometrical diagrams, truth tables, and circuit dia- 
grams. With such knowledge comes expanded horizons 
for applications of logic techniques. Great possi- 
bilities lie ahead in the field of learning machines 
and in adaptive controls that will adjust the system 
to changing parameters. Logic can also be applied to 
the simplest type of programming control or to a 
curve-generating machine tool. We urge our readers 
to put these principles into practice. 


* * * 


An Associate Editor of ELectricAL MANUFACTURING 
since 1959, author Alice Mary Hilton acquired a diverse 
(but, she insists, unified) education at universities ranging 
from Oxford to California and from literature and the 
classics to modern mathematics and electrical engineering, 
and—more than anything—from the study of computing 
machines (the Burroughs Datatron and Underwood’s 
Elecom). As a consultant to manufacturers and users of 
computing machines, Miss Hilton has written extensively 
on logical design and programming. She is co-author of 
a comprehensive work, Analog Computation, slated for 
publication by McGraw-Hill in 1960. 
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I. Introduction 


Loaic for the practical engineer in the Age of Automation 
is as useful as mathematics. Mathematics is a language— 
a precise and abstract language that deals with (or is at 
least capable of describing) not only the structural rela- 
tions that actually exist, but also those that are capable 
of existing in the worlds of our imagination. We shall dis- 
cuss the practical significance of this characteristic for the 
modern engineer. 


We take for granted that the geometry of the world we live 
in is three-dimensional. From a purely mathematical point of 
view, however, we can develop a geometry in any number of 
dimensions of our choice. Modern geometry is usually discussed 
in terms of n dimensions, where the user of the geometry 
chooses whatever value for n is necessary, or relevant, to the 
particular problem he has in mind. Let us consider plane, or 
two-dimensional, geometry and its application to geographic 
maps. To locate a point on a two-dimensional map we use the 
intersection of lines, called co-ordinates, running north-south 
and east-west. In a three-dimensional geometry, two coordinates 
determine not a point but an infinite line for the simple reason 
that the intrinsic limitation of the plane is missing. Therefore, 
a third coordinate is required to locate a point. But by being 
“three-dimensional” a limitation has been specified! 

Now let us assume that instead of determining a point on a 
two-dimensional plane or in three-dimensional space by two or 
three coordinates, respectively, we are determining any phenom- 
enon (and a point is simply a phenomenon) by any type of 
property. Describing the characteristics of an electric circuit, 
for example, in terms of voltage and watts requires a two- 
dimensional geometry. If we wish also to consider, however, 
the effects of temperature and the electric field—in other words, 
four properties—we require four dimensions to describe the 
circuit geometrically. We may add other properties, or variables, 
to our definition, each of which will be equivalent to a new 
coordinate and require a new dimension. Thus geometry, or 
what might seem a purely theoretical aspect of mathematics, 
has a very practical application which we can understand, deal 
with, and use 


rhe language of mathematics is powerful because it is 
composed of parts that fit together in a well-organized 
structure. We usually think of mathematics in terms of 
numbers, and we are accustomed to numbers as one of the 
basic means of describing our world. As a matter of fact, 
mathematics is not always numerical. Among the non- 
numerical branches of mathematics is one that deals with 
shapes and geometrical relations, called topology, and an- 
wther one that deals with propositions, called mathematical 
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logic. The important feature of mathematics is not num- 
bers, or shapes, or propositions, but the attempt to find the 
most general structural relations in any situation capable 
of description. A common misconception of mathematics 
arises from the fact that a great deal that is in mathe- 
matical form is not mathematics—certainly not important 
mathematics—whereas a great deal that is written in words 
is pure mathematics. 

Mathematical symbols are only a shorthand, but mathe- 
matics is a way of thinking; it is a powerful system de- 
signed to make deductions and carry out processes of 
reasoning. Therefore, logic is mathematics. Deductive argu- 
ments are easily demonstrated in mathematical notation, 
which thus becomes a valuable tool, and which cannot 
always be equalled by verbal language. Translating deduc- 
tive arguments into mathematical notations results in the 
formulation of mathematical equations. Such equations 
can be simple enough for first graders to solve in their 
heads, or they can be so complicated and involved that 
their solution would be an extremely tedious and time- 
consuming job were not computing machines capable of 
solving such equations at fantastic speeds. 

The possibilities of computing machines are unlimited; 
they can be designed to make deductive inferences, add 
numbers, classify information, make predictions (based on 
forms of induction), and thereby control industrial manu- 
facturing. A computer can control any process whatever, 
provided the process is clearly understood so that it can 
be translated into logical machine instructions. With the 
advances made in transistors and the new tunnel diodes, 
and with the development of microminiaturization, it is 
quite practical to build computers for the most complete 
control functions. But we can communicate with machines 
only in precise symbols. A circuit has no imagination and 
no judgment. It cannot be sensitive to an inflection, to a 
smile or a frown, to a note of doubt or to the eagerness 
of enthusiasm—it can respond only to a clear signal. And 
for the clarification of signals, for the means of expressing 
precisely what we mean, for the symbolism of instructing 
a machine to do precisely as we have planned, rather than 
as we think we have planned, logic is an indispensable 
tool. 

Logic has traditionally been the science of the philos- 
opher. Only in the past century or so has the mathema- 
tician been concerned with logic, and engineers discovered 
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it only about twenty years ago. The idea of systematizing 
thought is not new, and attempts to convert verbal thought 
into mathematical formulae have been made for centuries. 
It is quite true that many logical systems to formulize rea- 
soning have been unsuccessful and that paradoxes exist. 
Bertrand Russell* explains that the paradox in its present 
modern form shows that the naive application of certain 
ideas leads to contradiction; in other words, the straight- 
forward application of principles, ordinarily accepted as 
intuitively correct, is not precise enough for a consistent 
logic. It is necessary to make certain restrictions and pre- 
clude certain arguments that naive intuition permits. 
Machines—no matter how sophisticated—do not under- 
stand anything intuitively, and we can communicate with 
machines only by the use of precise instructions. 


Modern logicians have attempted to construct formal systems 
that avoid paradoxes, which place different restrictions on 
intuitive logic. There has been a great deal of controversy about 
the acceptability of any such system on intuitive, philosophical, 
and mathematical grounds. Goedel maintains that no such system 
can be categorical and that none is likely to be proved consistent 
by universally acceptable methods. Weil agrees, and says that 
God exists since mathematics is consistent, and the devil exists 
since we cannot prove it. The margin between what can be 
proved by constructive methods, and what is required for a 
proof of the consistency of arithmetic, is very narrow, yet 
essential. Thus it may be said that the devil has been confined 
to a dwelling place of almost vanishing, but still not negligible, 
dimensions. 


What is Logic? 


Logic is the science concerned with finding generaliza- 
tions and, ultimately, abstractions by a system of orderly 
thinking. Regardless of his particular interest, the proce- 
dures a logical researcher applies and his goal will be the 
same: the procedure is progressive systematization and 
generalization, and the aim is the discovery of abstract 
forms. Logic has never been defined so clearly nor ex- 
pressed so lucidly as by the late Alfred North Whitehead 
(MIT) when he called science the organization of thought 
and compared it to a river with two sources: the practical 
source and the theoretical source. The practical source is 
the desire to direct our actions to achieve predetermined 
ends. The theoretical source is the desire to understand. “I 
cannot see,” Whitehead said emphatically, “why it is nobler 
to strive to understand than to busy oneself with the right 
ordering of one’s actions. Both have their bad sides; there 
are evil ends directing actions and there are ignoble curi- 
osities of the understanding.” 


Whitehead outlines four departments of logical theory: the 
arithmetic section, the algebraic section, the section of general- 
function theory, and the analytical section. The arithmetic 
section deals with the relations of definite propositions to one 
another, just as arithmetic deals with definite numbers. In this 
section of logical inquiry we wish to define the truth-values of 
propositions when the truth-values of some propositions are 
known. The arithmetic section is not very abstruse, and very 
useful in the design of circuitry. 

The algebraic section of logic is distinguished from the 
arithmetic section by the use of algebraic symbols—namely, 
letters—which stand for any number. These letters are some- 
times called variables and sometimes parameters, and their 
essential characteristic is that they are undetermined, unless, 
indeed, the algebraic conditions which they satisfy implicitly 
determine them. Then they are sometimes called unknowns. 
An algebraic formula with letters is a blank form. It becomes 
a determinate arithmetic statement when definite numbers are 
substituted for the letters. The importance of algebra is a tribute 
to the study of form. The statement: 


The specific heat of mercury is 0.033. 
is a definite proposition which, with certain limitations, 
is true. But the truth-value of the proposition does not imme- 


*A bibliography, including all references, is given in alphabetical order (by 
authors’ names) on p 158. 
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diately concern us. If, instead of mercury, we substitute a 
letter x, we get the name of some undetermined thing: 


The specific heat of x is 0.033. 


This is not a proposition, but what Russell calls a propositional 
function. We could generalize further, and say: 


The specific heat of x is y. 

We thus get another proposiiional function, F(x, y) of two 
arguments x and y, and so on for any number of arguments. 
Now consider f(x). There is the range of values for x, for 
which f(x) is a proposition, true or false. For values of x 
outside this range, f(x) is not a proposition at all; it is neither 
true nor false. For example, 

The specific heat of water is 0.033. 
is a proposition which is false. However, 

The specific heat of virtue is 0.033. 


is not a proposition at all. It is neither true nor false, though 
its component parts raise various associations in our minds. 
This range of values for which f(x) has sense is called the 
“type” of the argument x for which f(x) is a true proposition. 
This is the class of those values of the argument which satisfy 
f(x). 

The third logical section, the general-function section, is 
designed for the transition from intension to extension and to 
investigate the theory of denotation. This section is essential 
to the construction of denoting functions which include as a 
special case ordinary mathematical functions such as sine, 
logarithm, etc. 

The fourth logical section, the analytic section, is concerned 
with the investigation of the properties of special logical con- 
structions—that is, of classes and correlations of special sorts. 
All of mathematics is included in this section—in fact, it is 
mathematics, but it includes an analysis of mathematical ideas 
not hitherto included in the scope of that science, nor, indeed, 
contemplated at all. The essence of this section is construction. 
It is by means of suitable constructions that the great frame- 
work of applied mathematics, comprising the theories of num- 
ber, quantity, time, and space is elaborated. 

The relation of induction, based on observation, to deductive 
logic is an important question. Both observation and deduction 
are necessary for any knowledge worth having. We cannot have 
an inductive law without having recourse to a propositional 
function. For example, take the statement of observed fact: 


This body is mercury, and its specific heat is 0.033. 
The propositional function is formed: 
Either x is not mercury, or its specific heat is 0.033. 
The inductive law is the assumption of the truth of the general 


proposition, that the above propositional function is true for 
every value of x in the relevant type. 


Neither logic without observation, nor observation with- 
out logic, can move one step in the formation of science. 
Whitehead conceives humanity as engaged in an interne- 
cine conflict between youth and age. Youth is not defined 
by years, he says, but by the creative impulse to make 
something. The aged are those who, before all things, de- 
sire not to make a mistake. Logic is the olive branch from 
the old to the young, the wand which in the hands of youth 
has the magic property of creating science. 


What is Intelligence? 
We can hardly open a newspaper without seeing glowing 


” 6 ” 


descriptions of “giant brains,” “thinking robots,” and “in- 
telligent machines” which reflect an uneasy awe of miracu- 
lous contraptions that compute equations in a fraction of a 
second where it would take hours or days or months to find 
the solution “by hand.” There is a vague fear of these 
incredibly ingenious devices that can “run” oil refineries 
and power plants and bakeries and machine shops so 
quietly and reliably and efficiently, whereas it would take 
thousands of noisy, accident-prone, illness-prone human 
beings to carry the raw material and knead the dough and 
drill the holes and push the buttons. 

And in our vague fear that we cannot compete and shall 
become quite obsolete, we almost forget that all these in- 
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genious contraptions, these miraculous devices, are nothing 
but metal and rubber and glass—nothing but hardware— 
and that the only reason there is anything ingenious and 
miraculous about them at all is because human intelligence 
was able to discern patterns and logical laws, and apply 
these discoveries in the arrangement of this hardware. We 
forget whose intelligence we see functioning and unthink- 
ingly accept such inane statements as computation “by 
hand” (as if we already accepted as fact that the in- 
telligence is in the hardware rather than in the human mind 
that arranged it), and we rarely object to the bemoaning 
of the fact that human intelligence has designed this hard- 
ware to be used for tasks that are too trivial, too menial, or 
too dangerous for human beings. We forget quite frequently 
that the “giant brains,” the “thinking robot,” the “intelli- 
gent machines” have all been created by the human mind. 


Stoddard uses seven attributes and two conditions as cri- 
teria, and calls intelligence “the ability to undertake activities 
that are characterized by (1) difficulty, (2) complexity, (3) 
abstractness, (4) economy, (5) adaptiveness to a goal, (6) 
social value, and (7) the emergence of originals, and to main- 
tain such activities under conditions that demand concentra- 
tion of energy and the resistance to emotional forces.” 

The mental step upward from verbatim repetition to a 
meaningful relation of items of information to other items of 
information, so that system and generalization emerge, is an 
indicator of high intelligence. The attribute of abstractness lies 
at the heart of intelligence as defined. By implication it is in 
every formulation of the meaning of intelligence. Mental 
activity takes place in symbols and fragments: it is once re 
moved from the physical, the explicit, the complete. 

The emergence of originals has a special place in the upper 
end of any valid distribution of intelligence. Clearly, originality 
is in a class by itself, and it is difficult to think of any con- 
tinuum to which it may belong. It is not so much more of 
something as it is something new and different. The greater the 
break with old learning and tradition, the more the ingredient 
of originality is operative. 

Sheer accumulation of information is the antithesis of 
intelligent activity. On the contrary, intelligence feeding 
upon an amorphous mass or an endless aggregation of facts 
will soon be choked. Thus the “standard” school curricu- 
lum, by overwhelming the pupil, teaches him to accept 
half-knowledge about a thousand things as superior to a 
full and clear understanding of basic principles. It enshrines 
half-learned and soon-forgotten details and neglects the few 
basic principles that could forever delight the inquiring 
mind. Failure to grasp the real significance of intelligent 
behavior leads to a wallowing in mental “stunts,” to cross- 
word puzzles and to question-and-answer superficiality that 
makes a wastebasket of the human mind. For not the reten- 
tion of unrelated facts, but the ability to recognize signifi- 
cant relationships and to discover general, basic principles 
creates order out of chaos. And that is intelligence. 

How do even the most sophisticated computing machines 
measure up? We shall try to draw some conclusions in 
Sections VI and VII. 


From Idea to Hardware 


Logic has served as the great common denominator of 
diversified thought throughout history. Leibnitz, who be- 
lieved his mind to be a small mirror of the Divine Mind, 
and Bertrand Russell, who regards his mind (and Leib- 
nitz’) as a transient occurrence of “mnemic causations” 
and the Divine Mind as a subject for poetry, would be able 
to meet on the clear summit of logic. In the unlimited 
variety of psychological origins and amid the eternal con- 
flict of metaphysical doctrine, mathematics is the same for 
Plato and Aristotle, for St. Thomas and Duns Scotus, for 
Newton and Spinoza. Only the degree of mathematical de- 
velopment differed in their lifetimes. 

Spinoza used “zero” as a number (although he may not 
have called it that) and Plato did not, but merely because 
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the use of zero was introduced into European mathematics 
after Plato’s time and before Spinoza’s, not because one 
“believed” in zero and the other did not. Their philosophical 
ideas had nothing to do with the genesis of their arithmetic 
or their principles of deduction. 

Logic has had profound influence upon all systematic 
thought. It has served the imagination both as a check by 
revealing implicit paradoxes, and as a spur by revealing 
latent ingenious constructions. Untrained and uncontrolled 
imagination will crash head-on into a genuine contradic- 
tion, but the logician using his bridle will ask: What are 
the presuppositions? What are the premises? Could any of 
the premises be false? And when the premises are proved 
correct, the logician, using his spur, will try to reformulate. 
All the great insights of science have been gained by such 
reformulation: the system of logistics was devised from 
Boolean algebra by a slight reformulation, and the con- 
ception of gravitation among heavenly bodies replaced 
that of prescribed paths and supporting spheres, until it 
gave way to the new insights of Einstein and Schroedinger 
and Heisenberg. 

The history of formal logic begins with Aristotle. This 
does not mean that logical thinking and reasoning was un- 
known before the fourth century before the birth of Christ, 
but that there is a vast difference between the use of logical 
principles and the study of such principles per se. Only the 
study of such principles is specifically the business of logic. 

In the Categories, Aristotle begins the study of logical 
principles by a division of linguistic expressions into simple 
and composite. The word “is”, said Aristotle, is used in a 
different sense in the sentence “Homer is,” and “Homer is 
a poet.” And neither one of these sentences follows from 
the other. In our own time, this “different sense” in which 
we use words is the great problem in programming comput- 
ing machines. 

Aristotle first described the kinds of sentences which 
may be components of syllogisms. Every premise and con- 
clusion confirms or denies something of something; it is, 
therefore, positive or negative, and it is also universal, par- 
ticular, or indefinite. In Aristotle’s traditional logic, which 
survived the Middle Ages and the decline of scholasticism, 
we find the idea of categorical propositions of the tradi- 
tional subject-predicate form containing a subject, S, and 
a predicate, P, which together are the terms of the propo- 
sition: 
AIJAIL S is P. affirmative [universal 
E|No S is P. No man is eternal. negative |universal 
I\Some Sis P. |Some men are great. _|affirmative |particular 
O'Some S is not P.|Some men are not great./negative particular 


All men are mortal. 


No mention is made of the particular subject, which (in 
later terminology) is called singular proposition, and the 
familiar example of the syllogism: 
All men are mortal. 
{ Socrates is a man. 


| Therefore, Socrates is mortal. 


is quite un-Aristotelian. Indefinite sentences were nearly 
ignored by Aristotle because he considered them “equiva- 
lent” to particular sentences. 

The Aristotelian definition of the syllogism is discourse 
(Aoyos—logos, the word) in which, certain things being 
posited, something else follows necessarily therefrom. This 
definition is too broad, as Aristotle’s own practice shows. 

All human knowledge has been built by the partnership 
of creative minds throughout the ages and across the con- 
tinents, and many brilliant thinkers have built upon the 
foundation laid two-and-one-half millennia ago by Aristotle. 
The limitations of space make it impossible even to mention 
the profound contributions by the philosophers of the East. 
Yet, all the ideas and inventions of our own era are rooted 
in our intellectual heritage. 
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Leibnitz, in the seventeenth century, sought a universal 
algebra by which all knowledge might be brought into a 
single deductive system. In the eighteenth century, Euler 
illustrated his treatment of the syllogism by circles repre- 
senting the minor term, the middle term, and the major 
term. The developments of the algebra of logic by George 
Boole and Augustus De Morgan were the first successful 
calculi of logic, although neither Boole nor De Morgan 
had found a logistic system in the sense of modern logic. 
Unfortunately, Boole, De Morgan and Peano (whose in- 
fluence on Russell was profound) and several other logi- 
cians used different symbolisms, which still makes the study 
of logic unnecessarily tedious and confusing. 

The algebra of classes was developed into its classical 
form by the contribution of many logicians. William Stan- 
ley Jevons published his Pure Logic (1881), Charles 
Sanders Peirce developed the propositional calculus into a 
calculus of truth-values (1885), Ernst Schroeder made pro- 
found contributions by developing the algebra of relations 
in his Algebra der Logik (1890-1905), John Venn modified 
Euler’s diagrams (1880) in a form that is still widely used 
in new applications, and C. L. Dodgson (Lewis Carroll) 
studied postulational techniques (1886). 

Gottlob Frege must be considered the founder of mod- 


ern logic, in a sense in which neither Leibnitz nor Boole 
can be considered, because he was the first to describe the 
propositional calculus in its modern (logistic) form. He 
was the first to introduce the notion of a propositional 
function, the use of quantifiers, and the logical analysis of 
proof by mathematical induction. Russell adopted Frege’s 
thesis that arithmetic is a branch of logic. If Frege failed 
to develop his ideas to their completion, the reason can 
be found in the fact that he was a trailblazer—a pioneer— 
and others could build a city where Frege had pitched 
his tent. 

Russell and Whitehead did just that. In their monumen- 
tal work, Principia Mathematica (1910-1913), they in- 
corporated most of mathematics into a detailed logistic 
development. The so-called ramified theory of types of the 
Principia Mathematica came into general use through its 
adoption by Carnap (1929) and Goedel (1931). (A tech- 
nical improvement of Russell's device, particularly im- 
portant when it is employed in a formalized language, was 
introduced by Quine in 1940.) Claude E. Shannon saw 
that the logical structure of an electric switching circuit 
is, essentially, identical with the structure of symbolic 
(algebraic) logic, and described his ideas in an article 
published in 1938. 


II. The Principles of Symbolic Logic 


Symbolic logic is an instrument of exact thought, both 
analytic and constructive. For this reason, the principles 
of logical construction are emphasized in this section: 
the possibilities and limits of formalization; equivalent 
conceptions; fundamental types of formulae, criteria of 
clarity, simplicity, generality, and—most important of all 
—the difference between fecund and sterile notions. 


Form and Transformation 


Logical form is a generalization which, like all generali- 
zations, encompasses many particular ideas; all of these 
ideas must have at least one common denominator if they 
are to be properly included in one general classification. 

The concept of transformation is fundamental to the 
understanding of logic, and is the basis of all knowledge, 
all science and art. In other words, we must understand 
that things may change in form without changing in their 
basic content. This is quite easy to understand when we 
take water as an example. We usually think of water as 
being liquid in form; however, we are quite aware of the 
fact that water does not change substantially (i.e., chemi- 
cally) when it freezes into being solid in form, or evapo- 
rates into being gaseous in form. In the same way, we 
must realize that anything transformed is equivalent (i.e., 
composed of the same substance) to that thing in its 
original form, and that this applies also to transformations 
we cannot observe through our senses. The object of all 
science is to find a pattern in the diversity of phenomena 
and to define, wherever possible, a difference that is merely 
a difference in form, for we can thereby classify many 
different phenomena as various forms of the same basic 
content. 

Knowledge may be divided into the knowledge of 
things and the knowledge about things. The former is 
what Russell calls “knowledge by acquaintance,” a very 
personal, directly experienced, and sensuous knowledge. 
A puppy knows of hunger, and yet it does not know any- 
thing about hunger. The difference between knowing of 
and knowing about becomes immediately obvious when 
such knowledge is to be communicated: only poets can 
communicate knowledge of, and only knowledge about 
can be communicated to computing machines (as we shall 
discuss in Section VI). 
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To know about hunger one must understand that hun- 
ger is a sensation caused by the contraction of certain 
muscles, the sensation being transmitted to the brain by 
pulses travelling along nerve paths. To know about hunger 
one would further have to understand that contractions 
are caused by a vacuum in the stomach cavity; one would 
have to realize that, although hunger is similar in form 
(form in this case is the way in which the phenomenon of 
hunger is evident—namely, the way it feels) to appetite, 
it is not identical in substance with it; one would have to 
understand how appetite is related to greed; one would 
have to be able to understand a possible relation between 
a present hunger sensation and a past drought, no matter 
how far removed in time and space and substance such 
phenomena are, and one would have to understand the 
exact relation of hunger to a complexity of economic, 
political, biologic, and psychological phenomena. 

In other words, knowledge about any specific phenom- 
enon implies understanding the relation of a specific 
object of knowledge to other objects of knowledge, and 
—more important than that—understanding how the spe- 
cific fits into the universe of which it is a part. Knowledge 
about means seeing order and law—or an orderly pattern 
—and it means seeing phenomena not merely in their 
present form, but recognizing any past and potential meta- 
morphoses. 


A human being starts out somewhat like a puppy; he knows 
what he perceives by his senses. His knowledge about is 
acquired by the painstaking process of thinking. A young child 
knows of oatmeal, he may even know very definitely whether 
it is of the right temperature and sweetness to appeal to him, 
without knowing anything at all about the oatmeal, the cooking 
process, the phenomenon of temperature, or the transformation 
of carbohydrates. He will not associate (until he reaches a 
fairly advanced stage of sophistication) the soft, warm creami- 
ness of cooked oatmeal with the cool crispness of the cereal 
in its dry form. He does not relate oatmeal to wheat flour, 
or to bread and potatoes and his tapioca pudding. He has no 
idea that all these foods are essentially carbohydrates. If he 
loves his pudding but dislikes potatoes, he will not only fail 
to see any relationship between them, but he will perceive them 
as complete opposites. 

His knowledge is completely sensuous and subjective. He 
does not know that carbohydrates are created by photosynthesis 
out of carbon dioxide and water; being unaware of the fact 
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that carbohydrates are eaten by animals, he has no notion of 
the relationship between his egg and his cereal. As long as he 
knows only of oatmeal, he is unable to relate it to a hamburger. 
Only when he matures enough to begin to learn about oatmeal 
will he be able to travel on the road to learning about the world 
‘he lives in. And if he is fortunate enough to be permitted to 
keep his natural curiosity, he will travel on that road of learning 
about all his life and thus come to understand more and more 
of the intricate relationships that make up our rapidly changing, 
shifting, surprising world. And thus he might discover the gen- 
eral laws of transformation. 


Transformation, of course, means a change of form, 
not only as we can observe phenomena and change through 
our sense, but the change of form of ideas. The philologist, 
for example, is interested in the transformation of words, 
and he will study the transformation of a word by follow- 
ing it from its Latin form pater to its French form pere, its 
Spanish form padre, and its English form father. He is 
interested in the transformation of words because he is 
interested in the relations among words. 


Structure 


Like all generalization, logical form may include many 
widely different ideas, which (in order to be properly cate- 
gorized by one general name) must have some character- 
istic in common. For example, the term scale or ladder 
may quite properly be applied to a contraption made of 
metal, wood, stone, rope, or some other concrete sub- 
stance constructed in steps or rungs so that it is a series 
composed of separate parts each of which is either higher 
or lower than any other part. The term can also be ap- 
plied to musical forms, social arrangements, and spiritual 
experiences, because we recognize in such widely diversi- 
fied things and/or ideas a common denominator: their 
Structure. 

A complete collection of all those, and only those, ele- 
ments which belong in a formal context is called a Uni- 
verse of Discourse. In conversation we assume the limita- 
tions of such a universe when, for example, we say: 
“Everybody knows that spring weather usually comes in 
May.” We assume that “everybody” is properly under- 
stood to mean only human beings of a certain degree of 
intelligence, excluding babies, idiots, and the inhabitants 
of all but the temperate zones of the northern hemisphere. 
For conversational purposes among reasonably intelligent 
people of the same environment such tacit understanding 
will do! (We shall see in Sections VI and VII that com- 
puting machines need more precise definitions). 


Even for conversational purposes, tacit understanding is con- 
tingent upon the harmony of those conversing. If a statement 
is to be challenged (for example, if a person is produced of 
whom the statement is not true) knowing the limits of ap- 
plicability becomes important. We all know of arguments in 
which the opposition marshalls contradictory cases (persons 
who have none of the knowledge cited in our trivial example) 
whereas the asseverator rules them out as “not meant.” If limits 
of the universe of discourse are hazy enough, the argument of 
what is “meant” can go on as long as the bellicosity of the 
adversaries lasts. When we deal with machines, however, there 
is no argument (in the usual sense of the word), for hazy 
definitions will defeat us from the outset, and the machine will, 
quite unemotionally, produce nonsensical results from non- 
sensical instructions; to communicate with machines the universe 
of discourse must be definite enough to eliminate any cause 
for confusion about what does and what does not belong to it. 


We may limit the universe of discourse arbitrarily. For 
example, if an anthropologist says that everybody is born 
into some social group, we know that he means to in- 
clude every human baby born, because the universe of 
discourse of anthropology includes all human beings. As 
another example, the formal set of rules of chess playing 
is limited to 64 elements called squares and 32 elements 
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called men. If we want to explain the game of chess to a 
novice we must enumerate the elements comprising the set 
before we can make the relations among the elements 
meaningful. 

The logical analysis of any structure must proceed in 
the same manner. The universe of discourse must be rec- 
ognized and defined. The elements must be enumerated, 
and the relations which connect such elements must be 
understood. We cannot, at random, introduce a relation 
into a universe. For example, it would be meaningless to 
say that two is prettier than three (unless the discussion 
is concerned with geometric forms rather than numerical 
values), or that one tree is quicker than another. 

The logical form of every universe depends upon its 
structure, or upon the relation of the elements to one 
another. This is true whether it is composed of concrete 
or abstract elements, and whether these elements are 
physically separated entities or not. A column is not neces- 
sarily composed of different blocks set one upon the other, 
but we can conceive the possible sections as being arranged 
in this fashion, and—due to this conception—we desig- 
nate an upright beam cut from a single tree trunk, a num- 
ber of bricks set one upon the other, smoke arising from 
a chimney, a series of numbers in vertical array, or the 
mercury rising in a thermometer by the same word, column, 
referring to the common structure of widely diverse ele- 
ments because of the definite relation they bear to one 
another. 

In verbal language there are definite symbols for ele- 
ments and other symbols for their relationships: words 
and phrases such as upon, near, greater than, smaller than, 
to the left of, to the right of, above, below, equal to, etc.. 
are symbols for relations because they denote the way 
elements are arranged in a construction. Symbols for re- 
lations into which elements may enter with one another 
are the words love, hate, know, etc. 

In mathematical notation the relations of elements (in- 
tegers in arithmetic, letters in algebra) are symbolized by 
spes; Gucn ae “ae, SS", ae, PS", 08. 

Different relations require different numbers of elements 
(or terms, as they are often called). For example, if we 
say that Boston is north of New York, we have expressed 
a relationship that requires two elements. The relationship 
between requires three elements, because it is impossible 
for one element to be between only one other element. 
Thus we can say that Manhattan lies between New Jersey 
and Long Island. The relation among requires four, or 
more, elements; in contrast to the relation between and 
north of, among is a relation requiring a minimum, but 
not a definite, number of elements. A relation is charac- 
terized according to the number of elements it requires. 
This is called the degree of the relation. Any relation that 
requires two elements is called a dyadic relation; one that 
requires three elements is called triadic; a four-element 
relation is a tetradic one. Relations that are of a higher 
degree than dyadic relations, but where the degree is unde- 
termined, are called polyadic. Among, greatest of, least of, 
etc. are examples of polyadic relations. 

It is possible for a relation to require only one element. 
For example, being alone is clearly a monadic relation. 
Monadic relations are also called predicates; they will be 
discussed further in Section III. 


Analogy 

A diagram, a floorplan, a geographic map, a globe, a 
curve, a graph, etc., are different logical representations, 
none of which need to resemble reality: rather, they serve 
to demonstrate relationships by means of analogy. The 
floorplan of a house does not need to look like a house, 
and its usefulness is not improved by the use of green ink 
where green shutters are to be installed. The narrow, 
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broken line that represents a window is not meant to look 
like a real window, but to indicate the reality for which 
it stands by denoting its location and size relative to the 
whole representation. 

Such representations are logical—not factual—pictures, 
regardless of whether what is represented is a concrete 
object, a series of events, or a set of completely abstract 
ideas. A statistical graph is spatial, its form is a shape, 
although the series of events it portrays does not—in the 
literal sense of the word—have a shape. The graph, being 
a logical rather than a literal picture of reality, shows this 
reality by analogy: its elements are the squares arranged 
on paper in the same relation to one another as the ele- 
ments in the set of ideas, things, or events, that are sym- 
bolized by the graph. 

By analogy, a line on a piece of paper can symbolize a 
river. Obviously, a line can “mean” only the river whose 
contour is analogous to the contour of the line on the map. 
This is to say that one thing may symbolize another if 
both have the same logical form, but not otherwise. 


The most elaborate structure of representation is undoubtedly 
the syntactical structure of language. The sound content of 
language is trivial as far as the usefulness of language for the 
formulation and communication of ideas is concerned. In other 
words, whether the sounds of which language is composed are 
musically beautiful per se or a conglomeration of horribly 
cacophonous squeaks, hums, and groans, does not determine 
the usefulness of language for the formulation of an idea con- 
tent (although esthetic quality can certainly influence psycho- 
logical receptivity). The sounds of songbirds may be more 
beautiful than human voices, but they are—as far as we know— 
not useful for the formulation and communication of ideas. 

The consistency of analogy, the arrangement, and the organi- 
zation of sounds into a meaningful pattern constitute a great 
system (with its every element serving as a logical symbol) 
which is important for the formulation of a grammatical struc- 
ture with which the ideas in the human mind can be represented. 
For ideas in the human mind are not images without definite 
relations to one another—the thinking process is a set of ideas 
in which there must be sequence, arrangement, and connection. 
The thinking process requires the existence of a definite pattern 
composed of ideas (the elements) which are more or less 
intimately related to one another (ideas are classified into 
groups), of ideas that follow one another sequentially (some 
ideas lead to others), of ideas that are arranged in a scale 
(some ideas are more important than others), and so on. 

In this elaborate pattern, the pattern of language, separate 
words usually (though not always) stand for separate impres- 
sions or ideas. A sentence expressing a complete thought is an 
array of words arranged in a logical form of great complexity. 
A merely sequential arrangement of words, such as a spelling 
list, cannot serve us to construct a sentence any more than the 
sequential arrangement of numbers can help us solve even the 
most elementary problem in arithmetic. Even the most simple 
sentence requires the arrangement of words into relations and 
operations. In Section VI we shall discuss why a computing 
machine—even a simple desk calculator—requires that both 
the designer and the user understand the logical construction 
of relations and operations in order to transmit to the machine 
precisely what is in his mind. 

Language, thus, is a combination of elements (words) that 
are constructed into a set (sentence) according to a pattern 
(syntax) which is a collection of the laws of language; we can 
call the syntax of a language its logical form, which is analogous 
to the logical form of thought. (Although it would be interest- 
ing to discuss what conclusions we can draw about national 
characteristics from syntactical characteristics of different 
languages, the limitations of space forbid this diversion. How- 
ever, the attempts to design language-translating machines must 
be made with full awareness of the problems presented precisely 
by the difference in the logical forms of different languages. 
Only by very careful analysis of the various logical forms of 
different languages can we hope to find any way to the solution 
of the problem of meaningful language translation. ) 

Understanding language means appreciating the analogy of 
the syntactical construction to the set of ideas. Syntactical 
construction is the logical picture, or representation, of the set 
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of ideas, just as the diagram is the logical picture (rather than 
a literal picture like a photograph) of a circuit. And who would 
deny that a diagram is a more meaningful representation of a 
circuit than a photograph! 


Russell says that “some kind of knowledge of logical 
forms, though with most people not explicit, is involved 
in all understanding of discourse. It is the business of philo- 
sophical logic to extract this knowledge from its concrete 
integuments, and to render it explicit and pure.” Analogy 
is the means of realizing the common logical form in 
things and ideas, no matter how diversified their contents. 
The ability to recognize similar forms in widely diversified 
exemplifications, or (in other words) the talent for dis- 
covering analogies, is called logical intuition. 


Abstraction 


An abstraction is the consideration of a form which 
several analogies have in common apart from their con- 
tents or concrete integuments. Unfortunately, the very 
word “abstraction” has—quite unfairly—acquired conno- 
tations of incomprehensibility and difficulty, or—even 
worse—of a great intellectual wasteland filled with empty 
words. As a matter of fact, abstract thinking is the simplest, 
quickest, most powerful, and most practical kind of think- 
ing, and the only reason for its sinister reputation is the 
widespread lack of training in making correct abstractions. 
Such lack of training deprives us of signposts, so that we 
feel lost amongst empty forms, or—-worse yet—the mere 
words (symbols) for such forms which we, quite properly, 
call “empty words.” But abstractions are not useless (or 
difficult) merely because we have not been taught to think 
abstractly, any more than mathematics is useless (or dif- 
ficult) merely because we have not been taught to be good 
mathematicians. The solution to our difficulties is not in 
abolishing abstractions or mathematics, but in improving 
an educational system that fails to teach us the most basic 
and elementary—and incredibly simple—principles upon 
which all human knowledge and thought are founded. 

As a matter of fact, most of us fear the name rather 
than the deed, for every engineer is perfectly familiar with 
abstraction: algebra is the abstracted form of an arith- 
metical calculation. There is certainly nothing abstruse, 
esoteric, “unreal,” or hopelessly unintelligible or “im- 
practical” about the use of an algebra to solve a design 
problem. The engineer confronted with the block diagram 
of a computer does not only see the analogy between the 
diagram and the machine, but understands the intent of 
conveying the form without indicating detailed hardware. 


Concepts 


We are constantly, and quite unconsciously, abstracting. 
Common sense dictates that we communicate to one an- 
other the essential by finding broad principles and common 
denominators in order to make sense of the masses of 
facts and ideas and details that surround us. We know that 
there is no need for a road map to show every tree, or for 
a circuit diagram of a complicated system to denote every 
transistor. We have the sense to simplify, and to abstract. 
And such abstracting becomes more important as we deal 
with more complicated problems. A scientific concept is 
simply an abstracted form that applies to a great range of 
events; thus a few powerful concepts can systematize a 
whole field of observation, experiments and hypotheses. 

When we consider that various elements of a common 
logical form compose a set, and we call this set by one 
general name, that name does not specify any one particu- 
lar element (nor should it create the picture of any specific 
element in our mind) because we are consciously and 
deliberately abstracting the logical form all elements in the 
set have in common. We may abstract the common logical 
form of two elements that are as different as a mouse and 
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an elephant: both are, of course, mammals. We can go 
a little further, and say that all mice and all elephants have 
this common logical form. And we can go further still and 
find the common logical form of mice, elephants, and 
sparrows, which is “animals”. If we add trees and human 
beings to the array of elements, we can abstract the logical 
form “living things”. That does not mean that our mental 
picture of an elephant, a mouse, a tree, a sparrow, or a 
human being is the same; it does not even mean that all 
mice are identical. It simply means that all elements which 
have the abstracted logical form “living beings” as a com- 
mon scientific concept belong to the same set—namely, 
the set of living things which is our universe of discourse 
—and that this set, in addition to the elements we have 
named, includes numerous other elements, such as dogs 
and fishes, and crocodiles, and cabbages, and possibly even 
kings (i.e., those that are living); but that it does not 
include sealing wax, or houses, or rocks, or computing 
machines. 

There is a difference of meaning between concept and 
conception which is not rigorously adhered to in ordinary 
usage, although there is a logically important distinction. 
A concept is the mental image formed by generalization 
from particulars; whereas a conception is the power of the 
mind to form ideas, as well as the exercise of that power. 


Interpretation 


Finding applications for concepts is called the interpre- 
tation of an abstract form, or—in other words—finding 
the elements which, by virtue of their common logical 
form, belong in the same set. For example, the abstract 
concept “rotation” applies to the rolling of wheels, the 
motion of stars, the spinning of a top, the whirl of a 
propeller, and the dancing of a polka. Wheel-rolling, star- 
motion, top-spinning, propeller-whirling, and polka-danc- 
ing are interpretations of the same form, or—in other 
words—they are different members of the same abstract 
concept, namely “rotation”. Thus, if the abstract concept 
“rotation” determines the nature of the set, then the ele- 
ments top-spinning, propeller-whirling, etc., are included; 
the element “jet-propulsion”, however, is not included. 
(This must not be confused with the fact that propeller- 
whirling and jet-propulsion are also members of a com- 
mon set—namely, the set determined by the abstract con- 
cept we might call “flight”. The inclusion of an element in 
different sets will be discussed in Section III.) 

Interpretation is really the reverse of abstraction: where- 
as the process of abstraction begins with the real thing and 
derives the bare form, or concept, the process of interpre- 
tation begins with the concept and seeks the real things 
that might embody it. Abstract concepts are communi- 
cated to us by language, or by deliberate training. Our 
knowledge of mathematics, for example, is learned as the 
concept of mathematics is applied. We learn the concept 
of number by counting, the concept of shape by fitting 
objects together, the concept of quality by comparing 
values, the concept of rules of conduct by observing (and 
judging) the evidence of good or bad behavior. We learn 
an algebraic formula by seeing several examples and ob- 
serving their common formal property. 

Yet, we cannot understand the concepts of number, or 
shape, or quality, or rules of conduct, or an algebraic 
formula without the ability to abstract the common form 
from the instances we have observed. The ability to ab- 
stract makes it possible to discover new patterns. Scientific 
genius, as it was displayed by Darwin on his famous jour- 
ney aboard the Beagle, is the ability to recognize a com- 
mon form, a common principle, which no one had seen 
before, in a chance collection such as one might happen 
to find in nature. 

New patterns can also be discovered by interpreting the 
empty forms which have been abstractly constructed. Tech- 
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nical inventions and engineering designs very often are 
discoveries of this sort. The inventor does not usually dis- 
cover a new principle (he does not, for example, formulate 
a new fundamental conception of physics), but combines, 
more or less ingeniously, the basic principles he has learned 
(and which he understands) into a new and interesting 
pattern from which he may construct a physical thing— 
namely, a model. His abstract form is his calculation, a 
mathematical theorem from purely conceptual principles; 
his application of his calculation to the realm of physical 
existence is an interpretation; and his model is an instance 
of this interpreted special form and of the principles it 
combines. The inventor and designer is concerned essen- 
tially with interpretation, and his abstract work is per- 
formed for the sake of finding physically interpretable 
forms. Tracing such types and relations among abstracted 
forms, or concepts, is the concern of logic. 


Propositions 


A proposition asserts that a certain relation holds among 
certain elements; it must, therefore, contain one or more 
elements and one or more relations. Any symbolic struc- 
ture—a sentence, a mathematical formula, or a circuit 
diagram—expresses a proposition if it contains a symbol 
understood to represent a relation. A mere listing of ele- 
ments—such as a spelling list or a list of integers—is not 
a proposition. For example, in the sentence “The book is 
on the table.” the relation is on is named and specified to 
hold between the elements book and table. 

A proposition may be expressed in symbols other than 
words; to make symbolization meaningful, a clear distinc- 
tion must be made in the symbols. For example, we can 
arbitrarily designate lower-case italic letters to stand for 
elements, and lower-case Roman letters to stand for rela- 
tions. It is unimportant what symbolism we choose, but 
it is essential that we be consistent. Using the symbolism 
mentioned before, we can represent the sentence “Cats 
kill mice.” symbolically: 

c kl m 


where c stands for cats, m stands for mice, and kl stands 
for kill. 

In the sentence “Elizabeth is the wife of John.” the ele- 
ments, Elizabeth and John, are designated by the symbols 
e and j, respectively, and the relation is the wife of is 
designated by the symbol wf. Thus, the sentence is sym- 
bolically represented as 

e wi j 
Note that in symbolic representation we do not distinguish 
between verbs, prepositions, adverbs, nouns, etc. We are 
only concerned with the fact that some words are rela- 
tions, and others are elements. The preposition between, 
symbolized bt, can express the proposition expressed in the 
sentence “Anne is between Bruce and Charles.” sym- 
bolically as 

abtbec 


Of course, verbal language is rich in meanings and full 
of implicit ideas which we understand by suggestions, by 
associations, by knowing the importance of certain words, 
by the order in which words are arranged, by tonal in- 
flections, by experience with the speaker’s ideas. Thus, 
a few words can sometimes convey a great deal. However, 
this wealth of significance makes logical analysis of verbal 
language difficult; hence, programming a computer to per- 
form a task that can be conveyed to a human being ver- 
bally in a brief statement often involves an incredibly 
complicated series of instructions. 

Many apparently single statements express more than 
one proposition. For example, the sentence “John called 
his wife, Elizabeth.” contains the relations called and being 
the wife of, and the elements John and Elizabeth. To 
symbolize this sentence correctly it must be represented by 
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j cl e and e wf j 


The confusion of elements and relations, and the con- 
traction of several propositions into one, renders symboli- 
zation obscure and meaningless. Thus, a dyadic relation 
may appear to be triadic, as in “Boston is north of Hart- 
ford and New York.” for example. Conversationally, ob- 
scurity can be compensated for, and there is always a 
possibility of clarifying “meanings” through questions and 
answers. In written language, obscurity is more dangerous, 
but much can still be implied and taken for granted. But 
when we attempt to represent verbal propositions sym- 
bolically—as we must do in order to transmit instructions 
to machines—it is essential to employ a symbolism which 
makes relations unequivocably clear. One method is the 
use of numerical subscripts to denote the degree of a rela- 
tion. Thus we can make it perfectly clear that no, is a 
dyadic relation, whereas bt, is triadic. Our sample sentence 
can thus be clearly and properly symbolized 


bno, hn 
where + stands for Boston, no, stands for the dyadic rela- 
tion north of, h stands for Hartford, and n stands for New 
York. 

Ambiguity, and with it amphibology (ambiguity caused 
by uncertain grammatical construction), particularly in 
words denoting a relation, is quite common in verbal com- 
munication. We use the word is in many connotations. 
Consider the following propositions: 

. John is young. 
. New York is bigger than Chicago. 
. Ike is Eisenhower. 
. Eisenhower is President. 
5. To sleep is to dream. 
6. He is. 
In the first sentence, is ascribes a property to an element. 
In the second sentence, is has logically merely the auxiliary 
value of assenting the dyadic relation bigger than. In the 
third sentence, is expresses identity. In the fourth sentence, 
is indicates membership in a class (the class of Presidents). 
In the fifth sentence, is indicates entailment (sleeping en- 
tails dreaming). And in the sixth sentence, is indicates 
existence. 

In symbolic representation we must clearly distinguish 
these different meanings by using different symbols. By 
assigning the proper symbolism, sentences 1 through 6 
can be represented so clearly and unambiguously that even 
a digital computer (which has no imagination at all) can 
“understand” them correctly. We use 

* for has the property 
> for greater than (and < for smaller than) 
== for identical with 
e for membership in a class 
> for entailment 
3! for there exists 


to express our sample sentences: 
he grea 


eF 
eS oo ee 
3, f= e . atl 
The intelligent use of symbolism is of the utmost im- 
portance in the study of structure, where clarity and con- 
sistency are essential. In mathematics, the introduction of 
a symbol for the word “nothing”, for example, has given 
us the better part of our arithmetic: columnar addition 
and subtraction, long division, long multiplication, and 
our entire decimal numbering system. Because we are 
using a simple symbolism, a child can make computations 
for which a Roman scholar would have required a great 
deal of time and skill. In fact, the simplicity of Arabic 
numerals as a system of symbolization has made our tech- 
nical advances possible. 


* 


* Note that the upper-case italic letter is used as a class symbol, as explained 
in Section III. 
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Truth-values 


Every combination of elements in a formal context 
yields a proposition that must be either true or false— 
even when we do not know which of these, true or false, 
applies to a specific combination, or (in other words) when 
we do not know its true value. Note that, in logic, the 
word “value” is not used in the sense of worth or precious- 
ness, but in the sense of an undetermined weight, or an 
unknown factor, as usually denoted in mathematics by the 
Symmols'X, ¥, Zi -s 

Therefore, if we say that there are x houses and y trees 
in a street, we mean that we do not know how many houses 
or how many trees there are in the street, and that the 
number of houses and the number of trees are not neces- 
sarily (but may be) the same. If we want to determine 
specific values we must have at least some specific infor- 
mation and we must know something about the relations of 
houses and trees within this universe of discourse, namely, 
the street. For example, we might know that there are 10 
houses on one side of the street, and that both sides of the 
street have the same number of houses; knowing that half 
the number of houses is 10, we can deduce that the value 
of x is 20. If we are further informed of the relation of 
trees and houses—for example, that there are 2 trees for 
every house—we know that the unknown value y is double 
the unknown value of x, or that y == 2x. Having deter- 
mined the value for x, we can deduce that there are 40 
trees in the street. 

Similarly, the word “truth” is not used in its moral 
sense, but to denote the property “either true or false.” 
Thus, a proposition that is logically true has the truth- 
value “truth”, and a proposition that is logically false has 
the truth-value “falsity”. We shall discuss the significance 
of truth-values in circuit design in Section VII, and demon- 
strate the technique of application in a general sense here. 

Consider a street (the universe of discourse), S, com- 
posed of four houses (elements), a, b, c, d, which are in 
the dyadic relation north of, nt,. Combining four elements 
in a dyadic relation results in 16 possible combinations, 
each of which has a truth-value of either “truth” or 
“falsity”. Since we have a dyadic relation, it is obvious that 
no element can have this relation to itself, and we know 
(by inspection as well as logically) that a nt, a is false, 
b nt, b is false, c nt, c is false, and d nt, d is false. The 
symbol for “is false” (or “is not”) that is commonly used 
in logic is ,. In mathematics the symbol ’ or the letter C 
is used, and most engineers are familiar with the ~ symbol 
over the false (i.e., negated) term. (See Table I for a 
comparison of symbols.) Thus we can express the verbal 
sentence “The first house (or the green house, or whatever 
the symbol a stands for) is not north of itself.” by the 
following symbolizations: (a nt, a), (a nt, a)’, or 
(a nt, a). 

To return to our 16 propositions, we can write the 
truth-value of four propositions symbolically: ~(a nt, a), 
~(b nt, b), ~(c nt, c), ~(d nt, d). The other 12 
propositions are still undetermined—they may be either 
“true” or “false”—and there are apparently 12 items of in- 
formation required to determine the truth-value of 16 
propositions. Assuming that one such item of information 
is known (for example, that a nt, b is true), we can im- 
mediately deduce other truth-values. From this one item of 
information we can deduce that 5 nt, a is false, because 
one truth precludes the other and the two items of infor- 
mation (assuming both had been given to us) are incon- 
sistent. (Note that having the information “a nt, 5 is 
false” would not have given us any definite information 
about 5 nt, a, because these propositions may both be 
false, although they may not both be true.) 

If we know that a nt, b is true, and we also know that 
b nt, ¢ is true, then it is obvious that these two items of 
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information considered together imply that c nt, a is also 
true. Thus the truth-value of two propositions may deter- 
mine the truth-value of six propositions. In other words, 
“a nt, b is true” and “b nt, c is true” jointly asserted im- 
plies that ~(a nt, c), ~(b nt, a), ~(c nt, a), and 
~(c nt, b). 

We can see from this example: (1) that the truth-values 
that might be assigned to the 12 undetermined propositions 
are not entirely arbitrary and unrestricted; (2) that the 
truth of one proposition might preclude the truth of an- 
other; and (3) that the joint assertion of two propositions 
might imply the truth-value of another proposition. In 
other words, we can see that the truth-values of the propo- 
sitions are in some relation to one another. 

There are innumerable ways of constructing systems. 
Different constituent relations permit entirely different 
combinations of elementary propositions by means of their 
logical relations. Different universes of discourse offer dif- 
ferent possibilities of arrangement. In some systems the 
propositions are so closely connected by implication that, 
if we know the truth-value of very few propositions (or if 
we can assign them), all the others are predetermined. 

The process of reasoning from one truth-value to an- 
other is known as deduction, and a system wherein a small 
number of propositions determines all the other proposi- 
tions is called a deductive system. Our example of a system 
of houses, a, b, c, d, related by nt, within the street, S, 
is such a system. 

A system wherein all truth-values must be assigned indi- 
vidually, either by a predetermined knowledge or by as- 
sumption, is called an inductive system. A system wherein 
some truth-values may be deduced, but wherein there are 
also propositions which neither imply anything, nor are 
implied by any other propositions, is called a mixed system. 
(The arrangement of a computing machine can vary from 
an almost completely inductive to an essentially deductive 
system. ) 


Generalization 


The propositions of a complete system may be divided 
into groups containing all propositions of a certain form, 
and a certain symbol, called a variable, may be assigned to 
all elements in the same position. For example, if all the 
elements in the set X are denoted by the symbol x, this 
simply means that all the elements comprising this set be- 
have in the same manner. A variable has no fixed mean- 
ing, but it may choose its meaning from the range of sig- 
nificance of the variable. Any element that can be meant 
by this variable is called a value of the variable. Thus the 
range of significance of a variable is the class of possible 
values for this variable. (Note that once a specific value 


has been assigned to a variable, this value must be substi- 
tuted for the variable throughout the set in which it ap- 
pears. ) 

A proposition is, as we have seen, either true or false. 
But a construction containing a variable of undetermined 
truth-value is neither true nor false. It may yield a true 
proposition when one value is substituted for the variable, 
and it may yield a false proposition when another value i 
substituted. This is so because a proposition containing a 
variable is only the empty form of many possible proposi- 
tions. It is, therefore, called a propositional form. (This is 
of the greatest significance in the design of circuitry, as 
we shall find in Section VII.) 

If a propositional form yields true propositions with any 
values that may be assigned to its variables, we say that 
such a proposition is “true for all values of x,” symbolized 
(IIx) or (x), and we call it a universal quantifier. If only 
some values of a variable in a propositional form yield 
true propositions, we say that this proposition is “true for 
some values of x,” symbolized (3x), and we call it a 
particular (or existential) quantifier. A completely quanti- 
fied propositional form is called a general proposition. 

(We must note in this connection that symbolism is used 
either by interpretation, which means that meanings—connota- 
tions—are assigned to symbols, or by specification, which means 
that specific values—denotations—are assigned to variables. Let 
us also remember that the opposite of interpretation is abstrac- 
tion, and that the opposite of specification is generalization. ) 

Pronouns are the variables of verbal language, whereas 
words which serve the purpose of quantifying terms are 
commonly (and quite misleadingly) called indefinite pro- 
nouns. These are the words something, somebody, any- 
thing, anybody, nobody, nothing, not. A sentence about 
somebody, or something, expresses a general proposition 
which is preceded by the symbol (3x) meaning that some- 
body or something is quantified by (x). The word “noth- 
ing” is symbolized by the universal quantifier before a 
negative proposition. Because there is no special symbol 
for a negation with a particular quantifier, the symbol for 
“something” is used combined with the symbol for “not”. 

We can replace the verbal quantifiers by symbols and see 
the true pattern of Aristotle’s four types of propositions. 
It should be noted that thereby the pattern of the proposi- 
tions about S becomes clear: S only is generalized, whereas 
P is either specific or variable: 

A All S is P (s) 
E No S is P (s) 
I Some S is P (3s) 
O Some S is not P (3s) 
* Logical punctuation takes the place of parentheses, brackets, and braces 


The most commonly used punctuations are the single dot, the colon, and three 
dots in a triangular array, which also stands for “therefore” 


2 kp 
~(s is P) 
Sis p 
~(s is p) 


Ill. Classes (Sets) 


A specific proposition always concerns a certain subject 
which could be specified by a proper name, such as a boy 
John, a house a, etc. Such a subject, whether it be a person, 
place, thing, idea, or whatever, is called an individual. In 
other words, individuals are the elements of specific propo- 
sitions. 

A general proposition, however, contains not individuals, 
but members of a certain class, For example, when we 
say: “Every man is mortal.” we mean that every member 
of a certain class (or set)—namely, the class of men—is 
mortal. When we say: “Some animal has killed a mouse.” 
we mean that at least one member of a certain class— 
namely, the class of animals—has killed a mouse. 

Logic is not concerned with specific examples or indi- 
viduals (although logical reasoning can be extended to 
individuals, if they are members of a class) because gen- 
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eralization about individuality is per se a contradiction. 
Logic deals with members of a class. The pattern of 
class relationships, not the construction of a class out of 
concrete objects, is the function of a logical calculus. Thus, 
for the engineer, the importance of logical design is in its 
usefulness for circuit configurations, not for the specifica- 
tion of hardware. 


Classes and Sub-classes 

Classes may be logically divided into logical (not phys- 
ical) parts. For example, the class “books” is logically 
divisible into “old books” and “new books,” each of which 
comprises a class and, simultaneously, a sub-class of the 
class “books”. Classes (sets) are symbolized by upper- 
case italic letters, A, B, C, D, .. . , whereas the members 
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of a class are symbolized by lower-case italic letters, a, b, 
c,d 

If, for example, A symbolizes the class of “old books” 
and B symbolizes the class of “books”, then A is also a 
sub-class of B, and every member x (denoting any mem- 
ber) of A is also a member of B. This is obvious, since 
every “old book” is a “book”. Logically, this may be ex- 
pressed as a general proposition 


(r) :(re A) D (re B) 


which indicates that A is entirely included in B, and is 
therefore correctly termed a sub-class. This is shown in 
Fig. 1. (See also Table I below and Table II on p 134 ff.) 

The Unit Class. Since a class may have any number of 
members, it may have only one member; such a class is 
called a unit class. A committee of one is a unit class. It 
has all the rights and duties of an appointed body of per- 
sons, rather than those of an individual. The convention of 
language is well adapted to express the conditions of sole 
membership—for example, by the use of a proper noun 
to denote an individual, or the definite article “the” to- 
gether with the singular form of a common noun. Thus, if 
we say “the book” we mean, by implication, a particular 
book which is the only one in its class (for example, The 
Laws of Thought is the only book in the class of books 
titled The Laws of Thought). Careful reflection will show 
us that the grammatical combination of the article “the” 
and the singular form of a common noun really means 
that there is a class composed of members numbering at 
least one and at most one. Keeping this definition in mind, 
we shall discuss below how individuals can be manipu- 
lated in a logical calculus. 

The Universe Class. A class that contains all the ele- 
ments in the universe of discourse is called a universe class. 
Verbally this is expressed by any statement about “every- 
thing”. For example, if we say: “Everything has signifi- 
cance.” we really mean that the class composed of “sig- 
nificant things” contains all the elements in the universe 
of discourse, and that the truth-value “truth” applies to 
every element. By the same token, every statement about 
“nothing” may also be expressed as a statement about the 
universe class, because what is true for nothing is false for 
everything. 


Table I— Comparison of Symbols* 


Name of operation 


Mathematics (Set Theory) 


Logic 


Engineering 


Fig. 1—Class and sub-class. 


The Null Class. A class in which every member lacks 
a certain property is a class in which no member has this 
property; this is called the null class. It is the only class 
including members with incompatible properties; in fact, 
it is composed only of such members, who are all absurd 
combinations of concepts. The null class contains all the 
non-existing elements of the universe of discourse. It is 
the class of round squares, of solid liquids, of living death, 
of married bachelors, and of adult babies. The null class 
is a very useful device, not merely as a source of titles for 
Hollywood scriptwriters, but in the algebra of logic and 
in circuit design, as we shall see in Sections V and VII. 

There is no limit to absurdity. We may imagine that, all 
null classes being the same (because all have a truth-value 
of “falsity”), there is no reason why all round squares 
should not be equivalent to all married bachelors, or to all 
living death. And we can further imagine that there is not 
a round square that is not a married bachelor that is not 
living death. (If all this sounds like Alice in Wonderland, 
it is not surprising, since the author of this famous exercise 
in absurdity was an eminent mathematician and logician.) 
Actually, none of these absurdities should try our patience 
more severely than the absurdity we have accepted since 
we learned our multiplication tables, that no matter how 
often we take nothing, we have nothing. 

If it is difficult for us to think of classes as anything but 
a finite selection of elements—or as containing more than 
one but less than all of the elements in the universe—it 
might help to analyze such common-sense statements of 
everyday speech as “Everything is about the same.” 
or “Nothing is as it used to be.” or examine whether it is 
difficult to understand that a small country school may 
have a graduating class composed of one student. In 
formal logic the explicit admission that everything, 
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nothing, and a unit are classes makes the conception of 
tne whole system of classes and the relations among classes 
plausible. And this conception has proved to be extremely 
practical for design engineers. 


The Principal Relations among Classes 
It may seem unnecessary or pedantic to speak of rela- 
tions among classes at times; nevertheless, this is so im- 
portant a conception that, properly understood and ac- 
cepted, it provides the basis of all logical reasoning. With- 
out this conception, deductive reasoning would be prone 
to more or less obvious fallacies. For example, if we use 
the premises “Elephants are mammals.” and “Mice are 
mammals.” to deduce that “Therefore, elephants are mice.” 
we have an obvious fallacy—obvious, because our expe- 
rience has told us that elephants are not mice. Somewhat 
anticipating Section IV, we can say that a conclusion is 
fallacious because (1) the premises are false, or (2) be- 
cause the method of deduction is incorrect. In our example 
the premises are clearly true, but the method of deduction 
was based upon the vague implications of verbal com- 
munications rather than upon the precise methodology of 
logic. When we reformulate our premises into “Elephants 
are members of a sub-class of the class of mammals.” and 
“Mice are members of a sub-class of the class of mam- 
mals.” we can see immediately that, whereas in some in- 
stances one sub-class and another might be identical, they 
need not be even remotely alike. All the premises permit 
us reasonably to deduce is that the sub-class “elephants” 
and the sub-class “mice” have something in common, 
namely membership in the class “mammals”. If we call 
one sub-class A and another sub-class B, the question of 
identity is not as obvious as in the case of mice and ele- 
phants. And circuits are not nearly as obvious as that. 


Class Inclusion. A class relationship wherein all mem- 
bers of one class are also members of another class is 
called class inclusion. We assume that the inclusion of 
class A in class B means that A is smaller than B (or that 
B is greater than A) and we usually symbolize this relation 
A<B(orB> A). 

As a matter of fact, it is not necessarily true that, for 
inclusion to occur, one class must be smaller (or greater) 
than the other, because identical classes may include one 
another. If there are two classes, A and B, in the relation 
A < B and B < A, we call this relation one of mutual 
inclusion, from which we may infer that the membership 
of the two classes is identical, and we may further infer 
that a = b. This conception will be considered in Section 
VII. The notion of class inclusion is the fundamental prin- 
ciple of all class relationships, for the principle of common 
membership means that different classes may have all, or 
some, Or no members in common. 

There are five possible types of class inclusion: (1) 
mutual inclusion, or identity; (2) complete inclusion of a 
lesser in a greater class; (3) partial inclusion of one class 
in another (i.e., the overlapping of two classes); (4) com- 
plete inclusion of two or more classes in one greater class 
(i.e., the composition of a class of two or more sub- 
classes); and (5) complete mutual exclusion of classes. 


These relationships are demonstrated in Fig. 2 (a to e) 
on page 136. 


Partial Inclusion—Conjunction and Disjunction. Of par- 
ticular interest to the engineer is the relationship of partial 
inclusion, as shown in Fig. 2 (c and d). In Fig. 2 (c) 
two circles bisecting each other are shown. If one circle 
symbolizes class A and the other circle class B, we can 
see at once that there is an area covered by both A and B. 
This means that at least one element in the universe of 
discourse is a member both of class A and class B. There 
is nothing unusual about that. We have no trouble imag- 
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ining that a town (universe of discourse) can have a 
country club (class A) and a theatre group (class B). 
Some people may belong to the country club and some to 
the theatre group, and some may belong to neither, whereas 
there are some who are members of the country club and 
of the theatre group. 

Logically this is called a conjunction, and the elements 
of the universe who are members of both class A and 
class B comprise the product of A and B. Unfortunately, 
both the terminology and the symbolization for this rela- 
tionship is very diversified and inconsistent. A comparison 
of widely used terms and symbols is given in Table | 
(p 133) and Table II, to which we shall refer frequently. 
The symbolization most widely used among logicians is 
A , B; mathematicians prefer the cap, denoted A () B; 
and engineers like the center-dot notation, A + B. 

Like most logical concepts, the product of two classes 
is simply a formalization of a common notion, such as we 
use every day when we classify people or things according 
to one or more characteristics. We say of a book that it 
is an interesting, new book, thereby classifying it as the 
product of membership in the class of “interesting books” 
as well as membership in the class of “new books.” And 
we know quite well that there are books that are new, but 
not interesting, and that there are books that are interest- 
ing, but not new. 

The partial inclusion demonstrated in Fig. 2 (d) shows 
that the two intersecting circles can also create a new 
group of members which includes those elements of the 
universe that are members of class A, or members of class 
B, or members of both classes A and B. (In our analogy 
with the club membership in a certain town, this group 
would include anyone who belongs to any club.) Logically 
this is called a disjunction, and the elements of the universe 
who are members of class A, or of class B, or of both 
4 and B, comprise the sum of A and B. This is 
symbolized (as shown in Table II) by logicians as A V B. 
Mathematicians prefer the cup, denoted A B, and engi- 
neers like the notation A -++ B. As far as our books are 
concerned, by disjunction we have accumulated a hetero- 
geneous group containing books that are new, and books 
that are interesting, and books that are both new and in- 
teresting. 

The Predicate. As we have seen, a class is constructed 
of members and the relation they have to one another, 
which is the class concept. We can picture the construc- 
tion of a class as a pole: one fixed element is one end of 
the pole and the class concept is the other. The relation 
of the two ends of a pole is clearly dyadic—i.e., a relation 
between two elements. In a system composed of a class of 
elements and a dyadic relation, all elementary propositions 
must be expressible in terms of two elements. In a system 
composed of a class of elements and a triadic relation 
(for example, the relation between), two fixed elements 
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are required. We can construct a class composed of the 
houses “between” Second Avenue and Third Avenue, and 
by negation (complement) we can also construct a class 
of the houses “not-between” Second Avenue and Third 
Avenue. In other words, in a system composed of a class 
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of elements and a triadic relation, all elementary proposi- 
tions must be expressible in terms of three elements. 

We usually form classes without invoking the relation- 
ship to a given element. The class of white houses, the 
class of pretty girls, or the class of large triangles are all 
composed of members that have no relationship to one 
another. The answer to the question of how there can be 
elementary propositional forms, if there are no relations 
among the elements, requires that we understand the con- 
cept of the predicate. The traditional logic, based upon 
the ideas of Aristotle, is concerned, as we have seen, 
with the understanding of elements, S, and their predicates, 
P, and only secondarily upon the understanding of ele- 
ments and their relations. However, the study of structure 
is the primary purpose of modern logic (and of the 
greatest significance in the analysis and synthesis of net- 
works) and it is, therefore, important to examine the ele- 
ments and their relations. 

Every relation, as we have seen, combines 2, or 3, or 

, or n elements; the degree of the relation is determined 
by the number of elements combined, since this is its most 
fundamental characteristic. Let us try to visualize a rela- 
tion that affects only one element at a time. Such a rela- 
tion could create an elementary proposition with only one 
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element: for example, being white is such a relation, and 
so is being large, or being pretty, or being bright. These 
are all monadic relations, and every element in the universe 
of discourse either has this relation, or it does not have it; 
it cannot be said, however, that any element has such a 
monadic relation to any other element. A relation of 
monadic degree is a predicate. (Note that the conception of 
the predicate as a monadic relation is a matter of con- 
siderable disagreement among logicians. For the engineer, 
however, this concept is very useful.) In a logical struc- 
ture (such as a network) a predicate is a useful tool of 
classification, significant because it defines as simply as 
possible 

(specific or general). By accepting this notion we can see 
that a class may be formed by only one element, the 
variable, which is in a monadic relation, namely the predi- 
cate. Thus, the proposition wt, x, which means “x is 
white,” defines the class of white things without specifying 
any element to which such white things are related. 

The predicate is the most natural, the most frequently 
used, and the most economical means of classification. 
When we consider, for example, the universe of triangles, 
we might think of the elements (triangles) being character- 
ized by a dyadic relation (for example, north of) or a 
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relation of any degree, but our most useful means of clas- 
sification would be to think of them as white triangles, 
large triangles, or any other monadic relation without con- 
cern for the relation of triangles to one another. Wherever 
our main purpose is classification, we start with a formal 
context containing elements and predicates, rather than 
with a polyadic relation pattern. 

Since predicates may be treated as monadic relations, 
there is no particular difficulty in assuming a formal con- 
text wherein such predicates take the place of constituent 
relations. Suppose we use the familiar universe of triangles, 
but instead of the relation nt,, we use the relation wt,. 
We may say of every triangle that it is white or that it is 
not-white. Thus we can make two propositional forms and 
one element: they are, of course, wt x and ~(wt x). 

We may quantify (indicated by parentheses) these 
propositional forms, but—since there is only one element 
to quantify—there are only four possible general propo- 
sitions. Namely, 


(a) : wta, (a) : ~(wt a), (Ja) : wt a. (3a) : ~(wt a) 


The fact that a predicate proposition can only classify an 
element, and that its generalization can only define a class, 
might make a predicate trivial. This could be argued. One 
fact, however, is clear: it is a very useful notion. 

We have dealt, so far, with systems of only one con- 
stituent relation, because a dyadic or higher-degree rela- 
tion is complicated enough when it is examined by itself. 
It is perfectly possible for several relations of varying de- 
gree to be in one system. We might assume a context 
P(a, b, c, ...) lk,, br,, md,, where 


P = int* persons 

Ik = int likes 

br = int is a brother of 
md int mediates between 


The possible combinations of propositions in such a sys- 
tem is complex, but their relations would be perfectly defi- 
nite. Any system so constructed should be logically irre- 
proachable. 

If we assume two predicates within a system, we might 
have: T(a, b, . . .) wt, lg, where 


T = int triangle 
wt = int while 
lg = int large 


The elementary propositional forms are wt a, ~(wt a), 
Ig a, ~(lg a). Since there is only one element in each 
form, it is completely generalized by a single quantifier; 
and because each form may take either one of the 
quantifiers, there are eight elementary, general propositions: 


(a) : wta 
(a) : ~ (wta) 
(a) : lga 
(a) : w~ (ig a) 
(3a): wta 
(3a) : ~ (wt a) 
(Ja): lga 
(Ja) : ~ (ig a) 


Several of these general propositions cannot be asserted 
simultaneously: (1) and (6), (2) and (5), (4) and (7), 
(3) and (8) are contradictory pairs. Propositions (1) and 
(2), or (3) and (4), may be jointly asserted only in the 
trivial case when T is empty—i.e., when there are no tri- 
angles. But, apart from contradications and _ trivialities, 
there are several selections in these elementary proposi- 
tions, and any element must be determined in two ways: 
namely, in respect to both predicates, so that a system with 
two predicates requires compound propositions for each 


See eer 


ad 


* — int stands for “is equal to. . . by interpretation.” 
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generalized term. This means that it is not enough to know 
that some triangles are large and that some triangles are 
white, but that we must know whether any of the white 
triangles are also large, whether any of the large triangles 
are also white, and the complements of these possibilities, 
as follows: 
9. (a) 
10. (a) 
11. (a) 
2. Ce) =: 
13. (3a): 
14. (3a): 
15. (3a): 
16. (3a): 


Other characterizations can be made for a single element by 
asserting certain logical relations between the two predi- 
cates. Thus, any triangle may be either white or large, 
either white or not-large, and so on, which results in a third 
list of eight possible general propositions, as follows: 


17. (a) : (wta) V (ig a) 

18. (a) : (wta) V W~ (ig a) 
19. (a) ~ (wt a) V (ig a) 
20. (a) : ~(wta) V W (liga) 
21. (3a): (wt a) V (ig a) 

22. (3a): (wta) V ~ (ig a) 

23. (3a): ~(wta) V (ig a) 
24. (3a): ~(wta) V ~ (ig a) 


These are powerful propositions; by examination we can 
see that, for example, the four propositions, 13 through 
16, together determine the truth-value of all other possible 
propositions of one element. Nevertheless, the only pattern 
that emerges is one of classifications—the two predicates 
have resulted in four propositional forms: 


: (wt a) A (ig a) 

>: (wta) A w (lg a) 

> ~ (wta) A (ig a) 
~ (wt a) A w~ (lg a) 
(wt a) A (lg a) 

(wt a) A ~ (ig a) 

~ (wt a) A (Ig a) 

~ (wta) A w (lig a) 


wta 
~ (wt a) 
Iga 
~ (Ig a) 


and each of these defines a class. It is now clear that the 
only relation among elements established by predicative 
propositions is common membership in a class, and we 
can say that in the universe of discourse (of our example) 
there are the following classes of triangles: 


W = int the class of white triangles 
~W = int the class of not-white triangles 
L= int the class of large triangles 
~ L= int the class of not-large triangles 


and so on, including 


0 = int the class of no triangles 
1 = int the class of all triangles 


From these new designations we may make certain deduc- 
tions; these will be discussed in Section V. 


The Principle of Dichotomy 


Whenever a class is formed within a universe of dis- 
course, every element in that universe either is or is not a 
member of this class. For example, if the universe of 
discourse is “houses”, and we form the class “two-story 
houses,” then every house is either inside or outside this 
class; in other words, every house either is a two-story 
house, or it is not. If it is not a two-story house, it may be 
a one-story or a three-, or four-, or n-story house. That 
does not matter. The logically significant fact is that it is 
“not-two-storied.” If our universe of discourse is “animal”, 
and we form the class “cats”, then every animal in this 
universe is either a cat or a not-cat, whether the elements 
in the sub-class “not-cats” are dogs, mice, or elephants. By 
this ancient and honorable method of classification, intro- 
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Fig. 3—Dichotomy. 


duced centuries ago by Aristotle, the division of a universe 
into what is A and what is not-A is accomplished. If we 
discuss the universe = int animals, then the universe class 
1 is the class of all animals. Let us designate the class 
“cats” as A, then 


(xr) :(r ¢ A) Ww (re A) 


which means, verbally: “for every x, either x is an A or 
x is not an A.” Therefore, there is a class for the defining 
form x « A.and another for the defining form ~(x ¢ A). 
This latter class is called the class “not-A”, symbolized by 
~A, A’, or A, as shown in Table I, and it includes every- 
thing left out of class A. Since everything in the universe 
of discourse is either A or ~A, the universe class is the 
sum of A and ~A; or 1 =A + WA. 

No matter what class we form, if this class takes in less 
than the whole universe, there is a remainder in the uni- 
verse class 1; and if we call it the class C, this remainder 
comprises the class “‘not-C” (~C, C’, or C). Such a divi- 
sion may cut across another class territory. For example, 
in a universe of organisms the division into male and not- 
male cuts across the division into human beings and not- 
human beings. It also cuts across the division into living 
beings and not-living beings, or the division into happy 
beings and not-happy beings, as illustrated in Fig. 3. For 
every class created by dichotomy (i.e., division in two) an 
opposite class is automatically created. 


Complement (Negation) 


Two classes which do not have any members in common 
and which divide (by dichotomy) the universe into, for 
example, classes A and not-A, are called complementary, 
because they need each other to complete the universe. 
Thus each of these classes is the complement of the other. 
This is illustrated in Fig. 4. 

If the defining form of class can be negated, the class 
has a complement. The universe class and the null class 
complement each other, for every element that is not in- 
cluded in everything, is included in nothing. 

Two complementary classes are mutually exclusive, since 
one form is the denial of the other. Consequently, no ele- 
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Universe of Discourse 


ment in the universe can have a truth-value for both 
classes and no member can belong to both classes. Obvi- 
ously, a creature cannot be a cat and a not-eat simul- 
taneously, for whatever is both a cat and a not-cat is 
nothing. The significance of dichotomy in the universe is 
the fact that the denial of an individual’s membership in 
one class may be replaced by the assertion of the indi- 
vidual’s membership in another class. Therefore, all nega- 
tive propositions about class membership may be replaced 
by positive propositions—i.e., by assertion of membership 
in the complementary class. This is very important when- 
ever classes are to be combined by partial inclusion (either 
conjunction or disjunction), as we shall discuss in Section 
V. The significance of this notion for the circuit designer 
will be discussed in Section VII. 

At this time, let us merely summarize the importance 
of the principle of dichotomy and the notion of comple- 
mentation, which gives us great liberties in logical expres- 
sion by permitting us to turn negative statements into 
positive statements (or vice versa) to suit our purpose of 
arrangement and calculation, and by permitting us to 
express a complete exclusion as an inclusion. Diagram- 
matically, there are two classes, A and B, each of which 
lies entirely in the complement of the other. As we can 
see in Fig. 4, if everything horizontally lined is A, and 
everything vertically lined is B, this means A is vertically 
lined and only vertically, and B is horizontally lined and 
only horizontally, but everything else is lined both ver- 
tically and horizontally. Everything that is neither A nor 
B is the complement of the product AAB (or AB, 
or A+B). 

Since every class within the universe of discourse has a 
complement, sub-classes or composite classes, too, have 
complements, as do classes that are denoted by single 
letters or integers, such as the universe class, 1, and the 
null class, 0. 

The Complement of Products. The product of two 
classes is comprised of those elements that combine the 
properties of both classes. These elements, or that part, 
comprise another class, C. For example, if there is a class 
A (pretty girls) and a class B (bright girls), we hope that 
we can find a sub-class C (pretty, bright girls). This can 
be symbolized C == A,B. (Note: the logical symbols 
describe this situation without the ambiguity caused by the 
connotations of words and by our often vague application 
and interpretation of syntax. It is important to remember 
that the term “sub-class” does not, by any means, infer a 
status inferiority, as we can clearly surmise by the cited 
example. For, surely, nobody will assert that girls who are 
both pretty and bright are inferior to girls who are pretty 
and not-bright, or to girls who are not-pretty and bright.) 
Class C, the product of classes A and B, is called con- 
junction by logicians, intersection by mathematicians, and 
the AND operation by engineers. It is symbolized by the 
signs “A”, “7”, and “+”, respectively, as shown in Fig. 5. 
The complement of class C, class not-C, contains all ele- 
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Complement of products. 


ments not covered by both classes A and B 
girls who are not both pretty and bright. 

I'he Complement of Sums. The swin of two classes (class 
A and class B) also forms a class within the universe of 
discourse, which can be called class D and which (within 
the framework of our example) includes all girls—girls 
who are pretty and those who are not-pretty, as well as 
those who are bright and those who are not-bright—except 
those who are neither pretty nor bright. Class D is com- 
posed of the sum of A and B, which is called disjunction 
by logicians, union by mathematicians, and the oR opera- 
tion by engineers; it is symbolized by the signs “Vv”, “UU”, 
and “~~”, respectively, as shown in Fig. 6. If there is a 
class D, it follows that there is also a class not-D, which 
is the complement (negation) of class D. 


namely, all 


The Deductive System ef Classes 


We know certain facts about classes ordered by the 


relation is included in, <, from the very nature both of 
classes and of this relation, and we can assert certain 
propositions that are necessarily true. Most propositions, 
therefore, can be deduced from a few known propositions 
that imply the others. A deductive system must start with 
a number of propositions which are not deduced, but which 
are known, or taken for granted, or assumed. If these 
original propositions, which are called postulates, are 
chosen wisely (as to their number and the importance of 
their implications) only very few are required. 

The classic example of a set of postulates for a deductive 
system is Euclid’s formulation of geometry. It begins with 
a statement of assumptions that must be granted, such as: 
(1) that a line may be extended indefinitely in: both direc- 
tions, (2) that three points in a plane shall determine a 
triangle, and so on. Apart from these postulates, Euclid 
expects us to recognize several facts, called axioms, which 
are so simple that they are self-evident and are known by 
intuition, such as: (1) equals added to equals yield equals, 
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(2) a whole is greater than any of its proper parts, and 
so on. 

However, the self-evidence of any proposition is not at 
all beyond dispute. Whereas the carpenter cannot doubt 
that the whole is always greater than any of its proper 
parts, the modern mathematician can. (Euclid himself 
does not draw the distinction between axioms and postu- 
lates very clearly, and referred, for example, to the assump- 
tion that “parallel lines are the only lines situated in the 
same plane which never meet” sometimes as an axiom 
and sometimes as a postulate.) The history of mankind is 
full of axioms that have been proved false. The assump- 
tion that the earth was flat was one, the assumption that 
the earth was the pivot around which the sun rotated was 
another. 

If we assume that intuition may be deceptive, we can 
deduce that it is best to dispense with axioms, and to re- 
gard all assumptions as postulates, since these are arbi- 
trarily granted and make no claim to psychological neces- 
sity. Any postulate—even postulates far too complicated 
to be self-evident—may be assumed, provided it meets the 
criteria of (1) coherence (belonging to the system), (2) 
contributiveness (having consequences in the system), (3) 
consistency (not contradicting any other acceptable postu- 
late, or any proposition implied thereby), and (4) inde- 
pendence (not being itself implied by another accepted 
postulate, or a group of other accepted postulates). 

A theorem—in contrast to the postulate—must contain 
nothing that cannot be proved, it must be entirely implied 
by propositions other than itself, and it may contain no 
assumption not made in the postulates. Contradictory 
theorems cannot follow from consistent postulates. If two 
theorems in a system are incompatible and there has been 
no error in the process of deduction, then the postulates— 
no matter how beautiful, how simple, how obvious, or how 
(as mathematicians say) elegant they seem—are incon- 
sistent (which is a polite way of saying they are no good), 
for the truth of primitive propositions or postulates can 
never be taken for granted. (A lemma, from the Greek 
word for assumption, is an auxiliary proposition adopted 
and proved for the purpose of proving a theorem.) 

If we have reason to believe in the facts of nature or 
conscience or common sense, this reason must be sought 
outside the logical system which they generate. For in that 
system they are simply arbitrary and always to be re- 
garded as its “truth”. Consequently, we are not really in- 
terested in the truth of the theorem which follows from 
the postulates and propositions but in its validity, and we 
must always be prepared to discard even the most elegant 
theorem if we find an error in any of the postulates. 

The logical connection between postulates and theorem 
(not the condition that one, or the other, or both, happen 
to be factual) is the concern of the logician. True premises 
and a valid deduction always yield a true theorem, but true 
premises do not yield a true theorem if the deduction is 
invalid. Since the (class) system, X(a, b, c,...) <, isa 
deductive system, we may state its arbitrary, original prop- 
ositions as a set of postulates. One of the characteristics of 
such a system is a group of relationships that serve to de- 
fine new elements from a specified element or elements. 


Such a relationship is called an operation (on the original 
element or elements); the new element is defined by nam- 
ing the elements from which it was derived and symboliz- 
ing the operation that created it. 

By assuming the following set of ten postulates the rela- 
tion is included in, <, can define the basic binary (two- 
element) operations: (1) every class includes itself, (2) 
every class includes the sub-classes of its sub-classes, (3) 
every class is included in the universe class, (4) every 
class includes the null class, (5) every class has a comple- 
ment, (6) every class and its complement are mutually 
exclusive, (7) every class combined with its complement 
exhausts the universe class, (8) any two classes have a 
sum, (9) any two classes have a product which (if the 
classes are mutually exclusive) is 0, (10) any two mutu- 
ally exclusive classes are included in each other’s comple- 
ment. By definition, mutual inclusion is equality, sym- 
bolized “=”, 

The basic binary operations are the two constituent 
relations: (1) the sum of two elements, a and 5b, sym- 
bolized a<b, aUb, or a+b; and (2) the product of two 
elements, a and b, symbolized aA b, af vb, or arb. Nega- 
tion (complement) of a class A (or an element a) is 
symbolized ~A (~a), A’ (@), or A (a). [Note that com- 
bining the two binary operations with =, results in a 
triadic relation; the definition of negation (ie., the defi- 
nition of ~a by a) is a dyadic relation. Generally, then, 
we can say that a unary (defining-one-new-element) oper- 
ation expresses a dyadic relation; a binary operation ex- 
presses a triadic relation, and so on.} 

With these postulates, the important operations of nega- 
tion (determining a complement), class disjunction, and 
class conjunction for any system X(a, b,...) <, may 
be defined, which is much more useful than the original 
constituent relation is included in, because practically all 
theorems deal with sums and products, and are most 
readily expressed as equations. 


The Caleulus of Classes 


The calculus of classes is a genuine calculus. (A cal- 
culus is, by definition, a system permitting the unambigu- 
ous definition of elements by means of manipulating given 
elements in accordance with certain rules.) A calculus 
may be composed of specific elements (numbers). The 
number system is a calculus, and arithmetic is calculation. 
Unfortunately, most of us are taught arithmetic by mem- 
orizing innumerable “examples” of the general laws that 
are never expressed (although we “know” vaguely that 
any two numbers have a sum, a product, a difference, a 
quotient). 

A calculus expressed in symbols meaning general 
terms and their relations is, in general, an algebra. There- 
fore, the calculus of classes, which is given through gen- 
eral (quantified) propositions, is a genuine algebra. It is 
also the simplest mathematical system that is of any im- 
portance; and indeed, it is of great importance to all logi- 
cal thinking and, as we shall see in Sections VI and VII, 
to the design and operation of computing machines. Like 
every precise discipline, the calculus of classes requires 
systematic exposition and correct manipulation. 


IV. Logical Reasoning 


Logical reasoning is the method whereby all other prop- 
ositions of a system are derived from its postulates. The 
principles of logical reasoning are based upon a few very 
general canons of logical procedure which most of us 
consider so self-evident that they are rarely defined. But 
only by finding, accepting, and applying precise definitions 
—rather than by tacitly assuming that everyone knows 
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what is “meant”—can we use machines successfully. For 
a machine has neither intuition nor imagination. A 
machine will do precisely what we have instructed it to 
do, not what we think we have instructed it to do, or what 
we “meant” to instruct it to do. For this reason, an under- 
standing of the principles of logic and of logical reason- 
ing is vital, not only for the designer and programmer of 
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computing machines, but for the user. And to an ever- 
increasing extent we are all becoming users, if not de- 
signers and programmers, of computing machines of ever- 
increasing sophistication. 

The following general rules of argument, together with 
the postulated rules of manipulation for the calculus in 
question and the conventions governing their use, create 
an algebra of logic in the form of deduced propositions, 
or theorems. 

The Principle of Substitution. Whenever two terms are 
identical (i.e, when they are synonyms for the same ele- 
ment) either one may be used in place of the other. Thus, 
ifa==b, thena-c=b+c,orc + b=c + a. Similarly, 
if two propositions are equivalent, one may be asserted 
in place of the other. Thus, ifa << b.=.a+b=b, 
then we may replace a < b by a -+- b = 5b, and vice versa. 

The Principle of Application. A statement that applies 
to any element applies to each element. In other words, 
if it is granted that (a, b) .a + b = b + a, and if we 
know that there is a certain x and a certain y, then it is 
true of this x and this y that x + y = y + x. 

The Principle of Inference. The principle of inference 
is not usually taken for granted as unconsciously as the 
others, and it has been widely discussed. Esentially, this 
principle states that a proposition that may be asserted 
assures that any proposition implied thereby may also be 
asserted. Thus, if we assert that (3 a, b) - a == ~b, and 
that (a, b) : a= ~b. > - b = ~a, then it may be 
asserted thereafter that b — ~a as an independent prop- 
osition. The principle of inference makes the process of 
passing from premises to conclusions possible; and this 
process is deductive reasoning, whereas the principles of 
substitution and application, important though they are, 
are merely auxiliary devices. 


Elementary Theorems 


The principles governing the method for developing the 
calculus of classes are logical economy and what mathe- 
maticians call “elegance”; namely, plan and symmetry in 
exposition. It is desirable to exhibit, as soon as possible, 
all the general laws of algebra and to derive the details 
later. Thus the rules of manipulation that are character- 
istic of the system are to be explicated first of all. Two 
of these rules are postulates. 


1. The Commutative Law is applied to commute the ele- 
ments in a sum or in a product at our convenience, so that 
we may write a + 6b also b + a, and may write a- b also b - a. 

2. The Distributive Law comprises two postulates, one con- 
cerning the addition of an element to a product, the other 
concerning the multiplication of an element with a sum. An 
element a is added to a product b - c by being distributed to 
each member of the product. Note that the word “distributed” is 
used here not in its usual sense, which implies that the item 
that is distributed is being shared or divided, but in the 
sense of that item being added to each of the elements 
(e. g., in the sense that somebody “distributes” his cold to a 
whole roomful of people so that everyone in the room gets 
the whole cold in all its misery). 

Similarly, multiplication of an element with a sum means, 
according to the distributive law, that each member of the 
sum is separately multiplied by that element. Thus, a + (b - c) 
becomes (a + b) - (a +c), anda- (b + c) becomes (a - b) 
+ (a-c). 


These two laws provide the forms that may be sub- 
stituted for each other—a fact that is of great importance, 
because the form in which facts are given very often 
determines whether deductions can be made. Therefore, 
the availability of interchangeable forms is the foremost 
requirement for an interesting deductive system, and 
creating such forms is the primary purpose of developing 
an algebra and theorems that will prove useful for mani- 
pulation. 
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The Duality of Sums and Products 


There is a symmetry in postulates and theorems. For 
every proposition about sums there exists an analogous 
proposition about products, and vice versa. Thus, if there 
is an entity which, multiplied with any element, leaves that 
element unaffected, there is also an entity which, added 
to any element, leaves that element unaffected. And, 
similarly, if there is an element that remains unaffected 
by having anything added to it, there is also an element 
that remains unaffected by being multiplied by anything. 
Furthermore, any law of the algebra that holds for addi- 
tion holds also for multiplication. Thus, if products are 
associative, so are sums; and if sums are commutative, 
so are products; and so on. 

As a result of this symmetry, any class formed by sum- 
mation may also be formed by multiplication and nega- 
tion; and any class formed by multiplication may also be 
formed by summation and negation. The exact relation 
between sums and products is shown by two theorems: 


Theorem 1: 
(a + 6)’ = (a-b) 
To prove this theorem it is necessary to prove, as lemma 1, 
that with any term b 


at+(a+b)=1 
and that 
a-(a-b) = 0 
We can prove that 
a+(a+b) =1-[a + (a + d)] 
and we know that l=a+a 
hence 


1-[a + (a + b)] = @ + a)-[a + (a + 5)] 


=a+[a-(a + b)] 
Since 
a-(a + b) = 
it follows that 


a+ {a-(a > b)] =a 


Similarly, it can be proved, as lemma 2, that 
a-(a-b) = 0 
We can prove, as lemma 3, that 
(a + b) + (a-b) = 1 


because 


(a + b) + G-b) = [(a + 6) + a]-[(a + 6) +3] 
Since 
+fa =a+(a+b) 


(a + b) 


and 


a+(a+b) =] 
and 


$6+(b+a) =1 
it follows that 


(a + b) + (a:b) = 1-1 
=] 


Finally, we can prove, as lemma 4, that 
(a + b)-(a-b) = 0 
because 
(a + b)-(a-b) = (a-b)-(a + b) 
- a-(a-b) ie b-(a-b) 


a-(a-b) = 
b-(a-b) = 0 
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(a + b) + (a-b) = 1 
and (a + b)-(a-b) = 0 
it follows that 


Since 


(a-b) = (a + b)’ 
Theorem 2: 
(a-b)’ =a+b 


This theorem can be proved similarly to Theorem 1. Because 
of the limitations of space, the process will not be repeated. 


Both theorems are significant because, by employing 
them, it is possible to write any product in the form of a 
sum, and any sum in the form of a product, and it follows 
that the laws for sums must also be laws for products, 
and vice versa. Since a + 6 is a term, then its comple- 
ment is also a term, and whatever applies to a -+- b must 
also apply to its complement. 

This characteristic is called the duality of sums and 
products and the two theorems are called the laws of 
duality. Since every sum is expressible as a product, and 
vice versa, it is possible to substitute one for the other 
whenever this is convenient. In Section VII we shall see 
the significance of this fact for the circuit designer, and 
how design economy can be effected by the application of 
these principles. 


Postulates as Formal Definitions 
of Relations 


Consider a universe, K, of unspecified elements, a, 5, 

. , and an unspecified relation, r, and set up a number 
of abstract propositions, which are called primitive prop- 
ositions or postulates, and which will constitute everything 
we know about either K or r. This means that the postu- 
lates will interpret how r operates among the elements 
of K; i.e., under what conditions any one or more ele- 
ments are related to any one or more of the others. 
Thus, the concept of K depends upon the meaning of r, 
whereas any interpretation of K simultaneously limits the 
possible meanings of r. 

At the same time, the possible meanings of r are re- 
stricted to relations that behave like r, and this behavior 
of r is specified in the postulates. Thus, the postulates 
constitute a formal definition of r, which means that we 
know the properties of a certain type of relation, that the 
symbol r (uninterpreted) stands for this type of relation 
rather than for a specific relation, and that it may be 
interpreted to mean any concrete relation of the given 
type. 

As long as we abide by purely logical (i.e., purely gen- 
eral) concepts such as “element”, “relation”, “propo- 
sition”, and “logical relations among propositions,” we 
are always dealing with types of constituent relations and, 
therefore, with types (or forms) of systems rather than 
with the systems themselves; in other words, we are deal- 
ing with patterns rather than with concrete things, which 
has the inestimable advantage of being applicable to many 
concrete things: once we have understood and defined a 
pattern, we can use this pattern continually and for any 
specific value just as a well-designed blank form can be 
used for any specific instance. 

Since we know only what the postulates say about the 
constituent relations, these abstract, primitive propositions 
must describe the properties of the relation, and these can 
be expressed symbolically. For example, we might specify 
the properties of r in the system (or abstract description) 
K(a, b, .. .)r, by the following formulae: 

(a,b). ~(ar a) 
and 
@ 6 Oo} :er dt. be. D.. ere 


These formulae express two of the three conditions (which 
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could be asserted by common sense) for the system of our 
example. A third formula may be deduced, namely 


(a,b).arb.>.x(br a) 


However, we may not assume a deduction; thus, r must 
be proved asymmetrical as a theorem. Assuming 


(Ja, b).arb.bra 


then 


arb.bra.).ara 


~(ara).>.~Grbdb.bra) 
Therefore, 
arb.D.xv (bra) 
We add another postulate 
(a, 6) 


which asserts that the relation, r, never combines two ele- 
ments in both orders, but always combines them in at least 
one order. Such a relation between any two elements in 
the universe is said to have the property of connexity. 
Connexity, irreflexiveness, transitivity, and (by implica- 
tion) asymmetry are most important properties for rela- 
tions in mathematics, science, and common reasoning; 
relations with these properties are called serial relations. 
Since there are a great many serial relations, there are 
many possible interpretations for the universe of our ex- 
ample. However, K does assume a definite character 
whenever r is interpreted. If, for example, r, is inter- 
preted to mean left of, we know that K represents a 
group of elements arranged in a straight line from right 
to left. The elements in the universe K may be places, 
things, points, numbers, or anything we wish to specify, 
as long as they are spatial elements arrayed in a straight 
line. If r, means greater than, we know that K represents 
a group of elements of a different magnitude arranged in 
the order of their magnitude. 

Any system ordered by a serial relation is called a series; 
the system of natural numbers, the procession of days, 
months, or years, the points on a line, the progeny of a 
person in one unbroken line of descendants, etc., are all 
series. A series may be finite or infinite, it may have a 
beginning but no end (i.e., future time), or an end but 
no beginning (i.e., past time). A series may be so arranged 
that there is always a next neighbor to each term (i.e., 
the next natural number), or it may be so arranged that 
there is no definite “next” (for example, the continuous 
flow of a river). The different types of series are deter- 
mined by their postulates. For example, the postulate 


(Ja) - (6): war bd). 


asserts that any element b that is different from the ele- 
ment a (which is sometimes called the first term of the 
series) must follow an element a. 

There are, of course, many other types of relations and, 
consequently, many other abstract patterns. We have 
chosen, as an example, the series pattern—in the most 
general sense of the term—because of its simplicity and 
because of its importance in the formulation of an algebra. 
For the purpose of this section is to demonstrate that a 
whole system may be taken as an abstract form, a relational 
pattern, rather than as an array of concrete things. Thus 
an “empty” design described by postulates and their con- 
sequences (theorems), which are entirely abstract (i.e., 
uninterpreted) general propositions, may represent a net- 
work which can be transformed into a concrete thing by 
replacing logical symbols with hardware. 


:a#b.D.araVobra 


).a2b 
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V. The Algebra of Legic 


The idea of finding a general formula to solve problems 
of abstract thinking culminated in the development of an 
algebra of logic. Boole thought that there must be a rela- 
tion among all or some of the elements involved in the 
premises of the syllogism. He sought a method whereby 
those elements that were not desired in the conclusion 
were eliminated and the entire relationship implied by 
the premises among those elements that were retained in 
the conclusion could be determined. The elements that two 
propositions have in common and that are deleted from 
the conclusion are called middleterms. Conclusions are 
reached by deleting the middleterms and connecting the 
remaining terms regardless of the number of propositions, 
or of middleterms, or of the nature of their connection. 
Whereas in ordinary algebra one symbol can be eliminated 
from two equations, two symbols from three equations, 
and, generally speaking, (n 1) symbols can be elimi- 
nated from n equations, in logic no relation can be proved 
between the number of propositions and the number of 
elements that can be eliminated. 

The logic of Aristotle, with its rules of syllogism and 
conversion, sets forth the elementary processes for all 
reasoning; Boole proved the ultimate laws of logic to be 
mathematical in their form. “The proper order of ad- 
vancement in all inquiries after truth,” said Boole, “is 
to proceed from the known to the unknown.” As we have 
seen in Section IV, every relation permits us to abstract 
its pure form, which means that we can consider the for- 
mal definition which is symbolically expressed by the 
postulates and ignore any particular interpretation. Thus, 
we may represent nt.—or any other relationship—simply 
by the symbol r. 

This can be applied also to operations which are essen- 
tially abbreviated expressions for any relation that, by 
modes of combination, define a new element. Needless to 
say, “to be combined to form an element” is per se a rela- 
tion among elements. Two different operations with the 
same properties are both instances of one and the same 
form which may be called a formalized operation, symbol- 
ized “op”. Thus, instead of the formula 


(a,b)-a+b=b+a 


we might write a completely general (i.e:, uninterpreted) 
proposition, namely 


(gop). (a,b):aopb=bopa 


This enables us to find a general pattern in as elaborate a 
system as the class calculus. For a system that is symbol- 
ized K(a, b,... ) r., with postulates describing how r is 
to hold, or not to hold, among the elements of K, we 
might adopt a sign standing for “a certain operation that 
functions like a sum” and another sign for “a certain 
operation that functions like a product.” These new signs 
will not necessarily stand for class disjunction and class 
conjunction, respectively, but they will signify any opera- 
tion having the same formal properties. 

Therefore, elements combined by these symbols are not 
necessarily classes, but are unspecified. Thus, instead of a 
calculus of classes, there is an empty relational form with 
certain rules of manipulation by which one element may 
be substituted for another, or one formula derived from 
another. 


Boolean Algebra 


The attempt to find a manageable symbolism for the 
formalization of logic has led to the publication of many 
tomes in the centuries since Aristotle first formalized his 
system of syllogisms. In The Mathematical Analysis of 
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Logic and The Laws of Thought Boole presented the first 
practical system of logic in algebraic form. Boole’s system 
was later simplified by Schroeder, and (about eighty years 
after Boole’s “esoteric gem” had been published, and for- 
gotten by all but ivory-tower theorists) Shannon found a 
very useful application in what had hitherto been as much 
as possible ignored or, at most, regarded as a possibly in- 
teresting but quite useless “mathematical game.” Boolean 
algebra is so interesting to electrical engineers of the 
twentieth century because it is a two-valued algebra 
wherein every general term has just two exemplary values. 
Thus, even complicated terms, such as a + b + ¢ + 


b +-c-d--a. b, must all mean either 1 or 0. 

Boole, of course, was completely remote from practical 
applications. He was simply curious and wanted to “in- 
vestigate the fundamental laws of those operations of the 
mind by which reasoning is performed; to give expression 
to them in symbolical language of a Calculus, and upon 
this foundation to establish the science of Logic and con- 
struct its method; to make this method itself the basis of 
a general method for the application of the mathematical 
doctrine of Probabilities; and, finally, to collect from the 
various elements of truth brought to view in the course 
of these inquiries some probable intimations concerning 
the nature and constitution of the human mind.” 

In any system that can qualify as a Boolean algebra, 
the characteristic laws of the calculus of classes must be 
accounted for. The characteristic laws, demonstrated—in 
various symbolizations—in Table II, are: 


1. The operational assumptions of the algebra: 
(1) the existence of a complement for every term 
(2) the existence of a sum for any two terms 
(3) the existence of a product for any two terms. 
2. The purely existential assumptions of the algebra: 
(1) the existence of a universe class 
(2) the existence of a null class 
(3) the existence of more than one element (which is 
not essential, but is usually assumed). 
3. The laws of combination: 
(1) the laws of tautology (tautology means, literally, 
the repetition of the same word, or the use of 
synonymous words in close succession): 


(2) the laws of commutation: 


a+b=b-+a 
a-b=b.-a 


(3) the laws of association: 


(a+b) +ec=a+(b+ 0c) 
(a - 6) -cza- (©: c) 


(4) the laws of distribution: 


a+(b-c)=(a+b) - (a+c) 
a: (b+c)=(a- b+ fa: ce) 


(5) the laws of absorption: 


a+(a- b)=a 
a+ (a+b)=a 


4. The laws of the unique elemenis: 
(1) the laws of the universe class: 


a-lz=e@ 
a+1=1 


(2) the laws of the null class: 
a-0Q=-0 


a+0=a 
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5. The laws of negation (complement): 
(1) the laws of complementation: 


a+a=1 
a:-a=0 


(2) the law of contraposition: 
a=b.>.b=a 
(3) the law of double negation: 
a = (a)’ 
(4) the laws of expansion: 


(a: b+ (a- b) = @ 
(a+b) -+- (a+b) =a 


(5) the laws of duality: 


(a + by’ = a b 
(a - by’ =a+b 


The simple ideas of abstract Boolean algebra are in- 
terpreted to become a calculus of true or false propositions 
and their relations. All propositions can be related to one 
another simply because of their truth or falsity (1 or 0). 
If every proposition may be related either to 1 or to 0, it 
follows that of the two propositions p and q it may be 
said that, when p = 1 and q = 1, then p = q. Every 
proposition is either true or false, or—according to Frege 
—all true propositions are names for truth, and all 
false propositions are names for falsity. Thus, every ele- 
ment is equal to either 1 or 0, and there are, therefore, 
only two elements, and all symbols such as p, q, . . . and 
~p, ~q, ... are only different names for 1 and 0. 

For example, if we designate p to mean “New York is 
big.” and q to mean “Wiener wrote Cybernetics.” we may 
say that p = 1 and gq = 1. And regardless of how differ- 
ent these two propositions seem, they do have one thing 
in common: their truth-value. And this is exactly what is 
at issue! To the logical circuit designer and the user of 
computing machines the only significant point is whether 
there is a conducting state or a non-conducting state, re- 
gardless of the hardware used. 

If two propositions have the same truth-value, then their 
negations have the same truth-value. If p is true and q 
is true, then not-p is false and not-q is false. And if r 
symbolizes any third proposition, then p - r = r, which 
means that p - r = 1 if r = 1, and that p- r = O, if 
r = 0. Similarly, gq -r =r. 

Thus propositions about p and ~p are propositions 
about truth-values in general. It is the condition of truth 
and falsehood, and not what is true or false, that is the 
subject matter of the calculus. If we substitute for “truth” 
the concept “conducting state” (or “closed” switch), and 
for falsehood the concept “non-conducting state” (or 
“open” switch), we can readily surmise the application of 
this calculus to the design of switching circuits, which will 
be discussed in more detail in Section VII. 

We must, at this point, remember that the laws of logic 
must be taken for granted in order to use any calculus. 
This can very well raise the question whether a system 
that specifies the very laws by which it is operated does 
not commit us to a process of reasoning in a circle—to a 
sort of intellectual “lifting ourselves up by our own boot- 
straps.” The only answer is that the calculus of logical 
relations serves only to exhibit, not to sanction, the formal 
properties of logical relations—to demonstrate the pattern, 
not to approve it. When the formal properties of logical 
relations are thus made explicit, they seem to follow the 
general pattern of a Boolean algebra which, therefore, in- 
terpreted for propositions, is frankly “reflexive”: it makes 
logicallly related statements about statements in logical 
relations. It makes assertions about what may or may not 
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be asserted, and it exhibits deductively the conditions for 
valid deduction. 

This means, of course, that we have some symbols de- 
noting the relations which we assert to hold among propo- 
sitions, and that we have other symbols of exactly the same 
sort expressing the structure of complex propositions that 
we happen to be talking about. Our terms are propositions, 
and so are the assertions we make about them. Thus, for 
any given term p, “p = 1” is a proposition about p. But 
p itself is already a proposition, and if p is true, then 
p = | is true. If p is false, then p = 1 is false. Thus, p 
and p = | always have the same truth-value, which means 
in this system that 


(p):p.=. (p =1)) 


In the same way, if p = 0, then ~p = 1; and in accord- 
ance with the principle of application, what is true for any 
p is true for the special case of ~p. Therefore, 


(p) =p (p = 1) 
means the same as 
(~p) -~wPp = Cup = 1) 


and ~p = 1 is equivalent to p = 0. Therefore, p = 
(p = 1). This, essentially, is the reflexiveness of the two- 
valued, propositional algebra. Every proposition in the 
system is at the same time an element in the system about 
which further algebraic statements might be made, only 
to become, in turn, elements in future statements. Every- 
thing we can say about truth and falsehood is itself a 
truth or a falsehood, which can be used to produce further 
truths and falsehoods. If this sounds strange or completely 
“abstract, theoretical, or impractical,” we need only bear 
in mind the behavior of a circuit wherein a pulse produces 
a pulse that can, in turn, produce another pulse—ad in- 
finitum. 


The Algebra of Sentences 


Any language is an instrument of human reason; it is 
not the mere medium for the expression of thought. And 
mathematics is a language that is useful for the communi- 
cation of certain conditions and relations in a simple and 
universally understandable form. Although there is some 
variation in mathematical signs, mathematics is undoubt- 
edly the most universally understood language in the world. 

A sign is an arbitrary mark with a fixed interpretation. 
A spoken word is a phonetic sign, just as a written or 
printed word is a visual sign; pictures are visual signs, and 
so are mathematical (or any other) symbols. There are also 
tactile signs, like the Braille system for the blind. The im- 
portant thing to remember is that a sign is useful only as 
long as everyone who deals with it understands clearly 
what the sign stands for. The sound combination “a” and 
“nd” (among English-speaking people) and the visual com- 
bination of the letters “a”, “n”, and “d” (each of which 
are in themselves formalized phonetic symbols) mean 
what in mathematical language is expressed by the sign 

One of the difficulties in learning to understand an 
algebra is caused by the inconsistent usage of signs. The 
reason for this inconsistency is, of course, caused by the 
fact that many scientists (logicians, mathematicians, engi- 
neers) have adapted Boole’s ideas and have invented their 
own symbols. (The symbols and terminology most widely 
used by logicians, mathematicians, and engineers are 
shown in Table I.) 

In the normal logical procedures for manipulating sen- 
tences, all rules of Boolean algebra may be applied, as 
we shall demonstrate by designating the symbols x, y, . . . 
to stand for declarative sentences. For example, let x 
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stand for “Life is good.” and y for “Water is clear.” The 
sentences x and y can now be combined to form new sen- 
tences in several ways: We can combine them into “x and 
y”’, into “either x or y” (which is interpreted to mean 
“either x or y, but not both”) and into “x and/or y” (which 
is interpreted to mean “either x or y, or both x and y”)— 
we shall come back to the important interpretation of “or” 
as an “inclusive or” or as an “exclusive or.” We can also 
negate the sentences, and form the x, which means “Life 
is not-good.” and the y, which means “Water is not-clear.” 

Two sentences are considered algebraically equal if they 
are logically equivalent. All sentences with the truth-value 
“truth” are equal, and all sentences with the truth-value 
“falsity” are equal. A table showing the Boolean-algebra 
relationship of variables is called a truth table. 

Propositional Functions. The sentence “The integer f 
is even.’ contains a variable, t; it can, therefore, be re- 
garded as a function of ft, (1). Because the function (t) be- 
comes a definite sentence, or proposition, for each value 
of t, it is called a propositional function. The value for 
each function (t) can be denoted f(t,,) so that, for example, 
the notation f(t,) means “Four is an even integer,” which 
has the truth-value of “truth” (i.e., which is true), whereas 
the function f(t.) has the truth-value of “falsity”. The ?’s 
for which f(t,,) is true form a class (set). 

Similarly, the sentence “f is a human being.” is a propo- 
sitional function which, in turn, determines a class (set)— 
namely, the class of all human beings. If we consider f, 
g, . . . aS propositional functions, then new propositional 
functions can be formed: f + g (or), f * g (AND), 
f (NOT), g (NOT), as shown in Table I. If X,, X,, ... 
are the classes (sets) corresponding to these propositional 
functions, then the operations on the functions correspond 
precisely to the operations on the classes. This means, for 
example, that f + ¢ is true when both f is true and g is true. 
Therefore, an element is a member of X,., when it is 
a member of X, as well as being a member of X,. Thus 
the calculus of propositional functions can be interpreted 
as a Boolean algebra of classes wherein the “0” element 
represents a propositional function that is false for all 
values of the variable, and the “1” element represents a 
propositional function which is true for all values of the 
variable. 

Since each class XY generates a propositional function 
(t is an element of X which is true precisely when ¢ is a 
member of X), a Boolean algebra of classes leads to a 
Boolean algebra of propositional functions. 

The Quantifier. The operation of forming the intersec- 
tion of many sets has an analog for sentences or proposi- 

n 


, 


tional functions. As for sets, the denotation n, X; means 
i= 


X, 10 X,1...0X,,. if the X’s are interpreted to stand for 
sentences, this forms a new sentence: “For every t there is 
an X,.” which means quite simply and reasonably that for 
every element there is a class of which this element is a 
member. The importance of this concept is, of course, to 
be found in the further implication that whatever applies 
to an element also applies to all elements that are mem- 
bers of the same class. 

The range of t may be over an infinite set. When the 
range is understood, it is symbolized nx te Similarly, if 
f(t) is a propositional function, and t ranges over all values 
for which f(t) is meaningful, the n f(t) is a notation for the 
sentence: “For every t, there is a function of 1.” The sym- 
bol n is called the universal quantifier. (This must not be 
confused with 9, the symbol for the existential quantifier, 
as shown in Table I.) 

Implication. The statement “x implies y.” can have 
various interpretations, three of which are meaningful and 
within the frame of reference of this article. They are 
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called material implication, conditional implication, and 
strict implication. To illustrate these forms of implication 
we shall use the symbols x, y, . . . to denote sentences 
forming a Boolean algebra, B. 

1. Material Implication: From the sentences x and y a 
new sentence, “x implies y.” can be formed. The symboli- 
zation is given in Table I. The material implication is the 
basis for most mathematical arguments; it is of importance 
to the circuit designer, although it is too broad to be 
meaningful in many instances. 

2. Conditional Implication: For each pair of sentences, 
x and y, a new sentence may be formed that is symbolized 
x/y, and means verbally: “If x is true, then y is true.” (It 
is assumed that x ~ 0.) The significance of the conditional 
implication is shown in the following postulates: 


(1) z/x = 1 

(2) y/x = 0 implies that yz = 0 
(3) (VO\ 2/2 = (y/r) 1\ (2/2) 

(4) z/(x XQ y¥) = (2/2) NG/y) 

(5) (1 @ y)/z = 1 @ (y/z) 

(6) z/r = y, ifr #0 


Conditional implication is of great importance in the 
theory of probability because, when x is false, y/x may be 
true, or it may be neither true nor false. Whereas postu- 
lates (1) and (4) are satisfied by material implication, 
postulates (5) and (6) are not. To satisfy postulate (6), 
the Boolean algebra, B, needs to contain a sufficient num- 
ber of elements to make a solution for the element z pos- 
sible. A Boolean algebra containing an operation x/y that 
satisfies postulates (1) through (6) is called an implicative 
Boolean algebra. 

3. Strict Implication: In a strict implication, “x implies 
y.” holds true if, and only if, the material implication is a 
tautology—in other words, if x C y = 1. This is true, if, 
and only if, y/x = 1. Interpreting x and y as classes (sets) 
permits the interpretation of the equation x C y = 1 as 
meaning that x is contained in y. The symbolizations for 
this relation are given in Table I. They are: x = y, y = x; 
x © yy> x3 x => y, y = x. (Other—unfortunately 
widely used—symbolizations are: x <y,y >x;x Cy, 
y > x; x > y, y — x. These should not be used to denote 
strict implication, but only to denote material implication.) 


Principia Mathematica 


Whitehead and Russell were far-seeing when they de- 
veloped their new systematization of Boolean algebra. 
Most of their postulates correspond to the theorems of 
Boolean algebra, although they decided to abandon the use 
of “= 1” and “== 0”, and to accept the concept of asser- 
tion as a primitive idea and the concept of denial as the 
assertion of the negative. It is obviously not within the 
scope of this article to discuss the importance of Russell’s 
and Whitehead’s Principia Mathematica; therefore, we are, 
somewhat arbitrarily, including only a minute fraction of 
the ideas presented in this monumental work. 

Logistics. Symbolic logic is applied to the science of 
mathematics, which has been called the apotheosis of pure 
reason. Actually, mathematics is nothing more (nor less) 
than an elaborate system of knowledge. In the course of 
mathematical evolution, all physical facts have been dis- 
carded until it was developed into a system of purely 
formal relations (note that “formal” is used in the sense 
of “pertaining to form”) among logical forms—namely, 
the shapes, magnitudes, positions, velocities, etc., of con- 
crete things which are abstractable. 

Leibnitz first conceived the idea of fitting not only logic 
but all philosophy into a mathematical system. A new logic 
was created by Boole, De Morgan, Peirce, and others, 
with the definite goal of constructing a firm and universal 
foundation for the immense superstructure of mathematical 
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reasoning that would connect all its branches and justify 
all its so-called fictions. This pursuit is called logistics; it 
has been invaluable in the development of a symbolic logic. 
The calculus of elementary propositions discussed by 
Whitehead and Russell is a great development from the 
simple logic of elementary propositions. 

The five primitive propositions assumed by Peano are: 


(1) zero is a number 

(2) the successor of any number is a number 

(3) no two numbers have the same successor 

(4) zero is not the successor of any number 

(5) any property which belongs to zero and also 
to the successor of any number which has that 
property belongs to every number. 


‘The last of these propositions is the principle of mathe- 
matical induction. The theory of natural numbers is based 
upon these five propositions and (what Russell calls) the 
three ideas of zero, number, and successor. We can define 
“one” as the “successor of zero,” and “two” as the “suc- 
cessor of one,” and so on. We can continue these defini- 
tions ad infinitum, because, according to proposition (2), 
every number will have a successor and, according to prop- 
osition (3), this cannot be any of the numbers already 
defined. According to proposition (4), none of the num- 
bers we reach can be zero and, according to proposition 
(5), all numbers are contained in the series. The series 
begins with zero and continues through successive suc- 
cessors. If a number n belongs to the series, then its suc- 
cessor belongs also to the series. Thus, by mathematical 
induction, every number belongs to the series. 


From there, the conclusion was reached that numbers 
are classes, because every instance of number is a collec- 
tion of entities. Triplets, a triad, a trilogy, the trinity, all 
exemplify the same number. Each set of three is a class, 
and these classes have their numerosity in common. With- 
out knowing anything else about any of the classes, we 
know that for each member of one class there is a mem- 
ber of the other, and that the members of one class may be 
brought into a one-to-one correlation with the members 
of another class. 


Definitions of Relations. Mathematics deals almost en- 
tirely with classes that have a certain internal order; 
namely, classes whose membership is composed of all those 
entities which have certain relations with other entities. 
Since these classes are defined by a certain ordering rela- 
tion, we can say that the defining function of such a class 
is a relation. If we take as an example the class of married 
couples, we find them to be a group composed of pairs of 
individuals, x and y, who are arranged by the relation x is 
married to y; since the defining function of this class is 
being a married couple, and since the members of this 
class are themselves defined by a relation (namely, marry- 
ing), this class is the extension, or range of validity, of a 
relation. 


The Significance of Logistics. The system of logistics 
set forth in the Principia Mathematica starts, essentially, 
from a Boolean algebra. By ingenious manipulation and 
definition and by the addition of a few well-chosen, purely 
logical ideas, the calculus of general propositions is de- 
veloped from a calculus of elementary propositions, and 
the calculus of classes is developed from the calculus of 
general propositions. Thus a more powerful system than 
the original Boolean algebra is developed, and we can 
build up propositions composed of propositions, functions 
whose arguments are propositions, and classes whose mem- 
bers are classes. We can define relations as entities, so that 
whole classes (or types) of relations may be studied, and 
relations among relations may be established. On this log- 
ical foundation, Whitehead and Russell have built a mag- 
nificent edifice of mathematics. 
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The Construction of Truth Tables 


Every proposition is either true or false. A calculus of 
truth-values begins with propositions that are assumed to 
be true or assumed to be false; thus, in a calculus the 
truth-values of propositions are determined by the truth- 
values of the elements (which are themselves propositions) 
that were originally assumed. For example, if p is assumed 
to be true, then it follows that not-p is false; and any q¢ 
that is obtained wholly or partly by an operation on p 
depends for its truth-value wholly or partly upon p. For 
example, if it is assumed that p is true, and if q equals 
not-p, then it follows that q is false. If p is true, then the 
sum of p and q is true, regardless of the value of gq, but 
the product of p and q is true only if q is true. 

The simplest truth-table is one involving only two ele- 
ments, p and not-p, and the unary operation NOT. 


The Binary System 


Gaining knowledge of mathematics and the develop- 
ment of mathematical devices has gone on simultaneously 
for many centuries. Young children still learn how to add 
and subtract on a simple bead device that had its origins 
5000 years ago: the abacus, or suan-pan, that is still used 
by millions of Chinese. It is essentially the same device as 
the Japanese soroban, the Russian s’choty, the Turkish 
coulba, and the Armenian choreb. 


All these devices are counting devices, and—compared 
to even the most sophisticated digital computing machines— 
they are very complicated, because they use a base of five for 
all calculations. In Section VI we shall discuss how comput- 
ing machines count and perform other mathematical opera- 
tions, and in this section we shall look into the numerical 
system used in the operation of computers for the simple 
reason that an electronic computing machine is but a system 
of switches which must be in one of two states—namely, 
closed or open. These two states serve as symbols for numerical 
values and, since there are only two symbols available, a 
way had to be found to translate the numerical values that 
need to be expressed from our decimal system of symboliza- 
tion (in which ten different symbols are available’) into the 
only system an electronic machine can handle. 

The decimal digits we. are so accustomed to are nothing 
but our customary symbols for different numerical quantities. 
When we want to symbolize the absence of any quantity, we 
use an ellipse with its foci in a vertical line, for that happens 
to be the convention by which we symbolize the concept 
“zero” (nothing). It might just as well be a point, or a 
horizontal line, or anything else, as long as everybody under- 
stands what the chosen symbol stands for. 

When we want to communicate the information that there 
is a numerical value of one, we represent this number by a 
vertical line. Two units are represented by a half-circle and 
a horizontal tangent at the lower end of the half-circle. 
Three units are represented by two half-circles vertically 
adjacent to each other—and so forth. Because we have ten 
different symbols at our disposal, our system is called the 
decimal system. In a binary system, only two symbols are 
required. Just as the availability of ten symbols does not 
limit the use of the decimal system to numerical values of 
ten or less, the binary system does not impose any numerical 
limitations. 

In the decimal system, numbers for which we have no 
special symbol are represented by the use of the appropriate 
symbol in a specified position, or in a definite relation to each 
other. To represent the concept “twelve,” we use the symbol 
for “one” and the symbol for “two”; for the number “six- 
hundred-and-seventy-two” we use the symbols for “six,” 
“seven,” and “two.” By the position of these symbols, or 
by the relation they have to one another, we are specifying 
their particular value. The symbol for “six,” in its assigned 
position, does not represent the number “six,” but the number 
“six-hundred,” the symbol for “seven” by its position is speci- 
fied to mean “seventy,” and the symbol for “two,” by its 
position, represents “two.” If we did not have the convention 
that the position of a symbol—or its relation to the other 
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symbols—determines its real value, we could not symbolize 
the concept “six-hundred-and-seventy-two” simply as 672; we 
would have to specify it as six times one hundred, plus seven 
times ten, plus two times one. As a matter of fact, even this 
would not be enough. We would have to show what we mean 
by one-hundred, namely the concept ten* raised to the second 
power 

Therefore, we can represent 
in several ways: 


six-hundred-and-seventy-two 


x 100 6K 10 = 600 
7 10 7x10! 70 
2 » 10° = » 


672 672 

Let us assume that we are used to a duodecimal system, 
containing twelve different symbols, to express numerical 
values (a system whose adoption many mathematicians have 
suggested because the number 12, having 4 divisors, is a 
more useful base than 10). In such a system there would be 
no need to symbolize the concept “eleven” as we do, but there 
would be a special symbol, perhaps a circle bisected by a 
vertical line, that is known to represent the number eleven. 
Thus, the concept represented in a decimal sytsem by 11, 
namely 


1 xX 10 10 
1 X 10° I 


could in a duodecimal system, be represented by a simple 
symbol such as ®. 

If, on the other hand, we assume that there is no convention 
that accepts the symbol for “nine” that we are accustomed to, 
then we would have to represent this concept in some manner 
of combination of those symbols that are being used. For 
example, we might have to represent “nine” as “eight and one”. 

The Romans, who used the decimal system for their opera- 
tions, did not use the symbolization we are accustomed to 
(which we learned from the Arabs), but a very cumbersome 
system, so that 1776 is tediously symbolized MDCCLXXVI 
in the Roman system. The difference between our system and 
the Roman system is in the symbolization and in the number 
of symbols at our disposal and the designation of these sym- 
bols; but the most important difference is in our conception of 
zero as a number and our use of the principle of position— 
both unknown to the Romans. 

The binary system is, as far as economy of symbols is con- 
cerned, the most advantageous. Leibnitz saw the image of 
creation in the mystic elegance of his binary arithmetic. He 
imagined that Unity represented God, and Zero the void, and 
that “One suffices to derive all out of nothing.” 

Before electronic computers made the binary system of other 
than academic interest to us, it was actually in use only among 
some Australian tribes. A typical binary system is used by a 
*Ten itself is far too complex to be expressed simply in a decimal system, since 


it “‘means"’ nine plus one, but is by convention symbolized by the position of the 
symbols 


tribe of the Torres Straits, who use the word “urapun” for 
unity and “okosa” for pair. A decimal three is “okosa-urapun,” 
and a decimal four is “okosa-okosa,” which means “two-one” 
and “two-two,” respectively. This sort of binary system is, how- 
ever, lacking two important ideas: the principle of position, 
invented about 2,000 years ago by an unknown Hindu, and 
the conception of zero as a number, which reached us from 
India via the Arabs in the Middle Ages. 

Whereas all numbers for which no special symbols are avail- 
able in the decimal system are expressed as combinations of 
numbers multiplied by powers of ten, and the powers of ten 
are determined by position (i.e., the relation of these numbers 
to one another and their relative position in regard to a fixed 
point, called decimal point), the numbers in a binary system 
are expressed in powers of two and their relative position in 
regard to a fixed point, called a binary point. 

We can symbolize “two” by our customary symbol (or by 
the presence of a pulse) and we simply use the convention that 
in the space to the left of the binary point the presence of the 
agreed-upon symbol “means” that we want to express the con- 
cept “one,” namely the binary symbol, raised to the 0 power. 
just as in the decimal system we may express the concept “one” 
as the decimal symbol for “ten” raised to the 0 power. Thus, 
the binary symbol (which, for the sake of convenience, we shall 
denote “2”) raised to the 0 power is equivalent to our decimal 1, 
21! is equivalent to our decimal 2, 22 to 4, 2° to 8, 2* to 16, and 
so on. Therefore, we could write the decimal number 672 in 
the binary system by determining its composition in terms of the 
binary symbol raised to powers of two. We would then find 672 
contains the binary symbol raised to the ninth, seventh and 
fifth binary power, but that it does not contain the binary 
symbol raised to the eighth, sixth, fourth, third, second, first 
and zero binary power. If we use our customary zero symbol 
to denote absence, and a vertical line to denote presence of a 
certain binary power, and use the position in relation to the 
binary point to show which powers are meant, we can then 
express the number “672” as “1010100000” in the binary 
system. 

The simplest way to communicate operations in our own 
decimal system to a computing machine that can cope only 
with a two-valued system of symbolization is by converting the 
symbols rather than the values of numbers. Since the symbols 
used in the decimal system can be converted into the binary 
system by the use of only four binary powers (namely, 2°, 21, 
22, and 2*), we communicate to the computing machine not the 
concept “672” but the concept “2” in the unit position and 
“7” in the ten’s position and “6” in the hundred’s position. 
This system of conversion is called the binary-decimal system, 
in which decimal digits (i.e., the number symbols in the decimal 
system) are converted into binary bits (i.e., the symbols in the 
binary system). Thus, 672 can be represented as 


0110 O111 0010 
6 7 2 


This is one of the systems most frequently used to express 
decimal numbers in a way computing machines can handle. 


VI. Legie and Computing Machines for Control 


With all respect due the performance of computing 
machines, they cannot be appropriately called “giant 
brains.” A brain is, by definition, a living organism, and 
a machine, therefore, by definition, cannot be a brain. 
Furthermore, no machine can do anything but what it 
has been designed for by human beings. And when we 
talk of the logic of a machine, we must understand very 
clearly that we mean an operational process for which 
the machine was designed so that certain operations can 
be performed. Basically, machines perform two types of 
operations: arithmetic operations and logical operations. 
The arithmetic operations performed by computing ma- 
chines are the most simple imaginable: namely, addition. 
All other arithmetic operations are only applications of 
addition. 

A machine can also perform what has been mislead- 
ingly called “logical decisions.” These are not free, crea- 
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tive decisions that require the intelligence and imagina- 
tion necessary for creative thinking, but choices based 
upon comparisons to an inducted program, such as: 
Compare A to B; if A is larger than B, add A to C; if 
A is smaller than B; subtract A from B. 

A computing machine must have such logical com- 
mands spelled out in even greater detail than shown in 
our example. If machines seem capable of “thinking”, it 
is because of the speed with which they can carry out 
what they have been programmed to do, and the abso- 
lutely literal accuracy with which a machine reacts to 
what we program it to do, rather than to what we think 
we are programming it to do. That is the reason why the 
understanding of clear, logical procedures is of such 
vital importance not only in designing the machine, but 
in using it. And in some respects we shall, sooner or 
later, all be users of computing machines. 
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We can compare the “decision-making” power of ma- 
chines and the really free and creative ability to think 
when we look at the operation of any business organiza- 
tion. In every organization the real decisions—or, as 
they are usually called, “the policies’—are made by one 
person or a small group. These policies are a framework 
for the functioning of the organization and its employees. 
The other members of the organization do have certain 
decisions to make, but their thinking, their decision-mak- 
ing and their learning is pre-set, pre-planned, and pre- 
programmed. What does an executive do, if he cannot 
carry out the program of the policy-making body? He pre- 
sents the facts to that body for re-evaluation: in other 
words, he alerts that body to what, in computer jargon, is 
called a “forbidden combination”—something that just 
cannot be done, that is contradictory and “illogical”. 

This is, of course, an over-simplification, but basically 
all organizations function in this way; and it is, essentially, 
how a computer operates. Some computers being de- 
veloped make “decisions” in a very sophisticated manner; 
they can store all new information deduced in the course 
of operations and adjust their behavior accordingly. This 
means that their input information is not entirely de- 
pendent upon outside programming, and that their logical 
design is not based upon the principles of an inductive 
system. Such a machine is based upon the principles of a 
deductive system, so that, with the input of a few basic 
parameters, it can “learn to learn.” 

This is the reason for the development of game-playing 
machines. Shannon first discussed the basic problems in- 
volved in the design of a chess-playing machine. Chess 
is a finite game with a definite number of positions, each 
of which admits a finite number of alternative rules which 
assure that any game will terminate in a position of win, 
draw, or lose. Turing developed a definite program for 
chess-playing suitable for computers. Checkers-playing 
machines have been, and chess-playing machines are be- 
ing developed by Wantanabe, Goldstine, and others at 
IBM, which are programmed according to the experi- 
ence of past games. Similar research is being done 
by other computer designers. The machine, “playing” with 
the programmer, is so constructed that it can add the 
programmer’s actions and its own responses, as well as 
the results, to its memory storage. In this way the ma- 
chine can “learn” from current games and, doing so 
with the near-infallibility of an electronic memory, it can 
after a few games always beat the programmer. 

Why do serious scientists want to play chess with ma- 
chines, and why do large corporations support such re- 
search? Learning machines—or rather machines that are 
programmed to learn how to learn—are built in order to 
study the logical design of the thinking processes. Chess 
is essentially a war game, and requires strategical thinking. 
In the development of chess-playing machines, logical 
processes are simulated. These machines do not have to 
have strategy programmed, but only the basic principles 
on which strategy is based have to be inducted; from 
a few basic parameters the machine can, and does, deduce 
strategy and tactics as well. 

It is entirely the decision of human beings what the 
basic principles are that are to be inserted into the 
machine. Human beings make the policy! But once the 
parameters have been inserted, we can no longer control 
the outcome. The complicated machines of the future 
(and it is a very near future) will be able to make their 
deductions with such tremendous speed that, once a ma- 
chine is started, there may be no time to stop it. In war 
games (and chess is an excellent way to study the logical 
development of any war game) it is vital that we program 
a machine precisely as we want it programmed, not as we 
think we have programmed it. The ability to make crea- 
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Fig. 7—Lull’s circle. 


tive and moral decisions is entirely human. If we design 
a machine to defend us, a machine will do so; but it will 
do so, if it has to kill us to do as we have ordered. We 
may think we have programmed the machine to defend 
us, assuming that to defend “means” also to protect us. 
Of course such an assumption is what we call “common- 
sense,” which is rare enough among human beings and 
quite unknown among machines. 

The fairy tales of the ages have become a reality, for 
the machine of the future is the genie in the bottle, the 
not-human, never tiring, and—for better or for worse— 
completely obedient servant of man. How much in the 
future? The logical design is on the drawing boards; the 
hardware is, according to some scientists, five years away. 
The future is very much with us, and we must learn to 
cope with it. And that is the purpose of understanding 
logic, and computing machines, and control that we must 
keep firmly in our human minds. 


Historical Review 


Logic machines are not a new idea. Devices, electrical 
or mechanical, have been designed in the past for the 
specific purpose of solving problems in formal logic. 


Raimon Lull’s attempt, in the thirteenth century, to employ 
geometrical diagrams for the purpose of solving logical prob- 
lems is probably the earliest in history. He used letters to stand 
for certain words in order to condense arguments to algebraic 
form. He believed that there is a small number of basic prin- 
ciples in every branch of knowledge which must be assumed 
unquestioningly. By finding all the possible combinations of 
these principles (or categories) Lull believed that we could 
explore all the knowledge that can be understood by our finite 
minds. To construct tables of possible combinations, Lull used 
diagrams and rotating circles. Two sets of categories can be 
listed in two vertical columns, and all combinations can be 
found simply by drawing connecting lines. A set of terms can 
also be arranged in a circle and connecting lines drawn, as 
indicated in Fig. 7. Reading around the circle we quickly obtain 
a table of two-term permutations. Lull took the greatest pride 
in the method of placing two (or more) sets of terms on 
concentric circles. The inner circle can be rotated and a table 
of combinations obtained. If many sets of terms are to be 
combined, this is done efficiently by this mechanical method. 
In Lull’s time such circles were made of parchment or metal, 
and painted in vivid colors to distinguish the different sub- 
divisions of terms. There is no doubt that the use of such 
strange, multicolored devices threw an impressive aura of 
mystery around Lull’s teachings that greatly appealed to those 
who wanted an easy short-cut to knowledge. 

Lull’s devices are described to show how old techniques can 
be used with new ideas and in new combinations. A modern 
inventor might find movable circles an aid where experimental 
situations call for a testing of all possible combinations of a 
limited number of substances or techniques. When Thomas 
Edison systematically tested almost every available substance 
as a filament for his light bulb, he was following a process 
that Lull would probably have considered an extension of his 
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method. The Lullian idea is used in the most modern com- 
puting machines which also, essentially, are constructed on 
the logical principle of trying out all possible combinations. 

Leonhard Euler was responsible for introducing circles to 
represent actual class propositions and syllogisms into the his- 
tory of logical analysis. This is the first geometrical system used 
not only to represent class statements and syllogisms in a highly 
isomorphic manner, but also to manipulate the actual solution 
of problems in class logic. Euler’s method was much later 
improved by Venn, and is used extensively for circuit con- 
figuration 

In the confused period that followed the Renaissance break 
with the logic of the Scholastics and before Boole and his 
contemporaries cleared the way for the development of sym- 
bolic logic, it was natural that logicians would make every 
conceivable attempt to reconstruct the syllogism or to extend 
it to cover new forms of inference. However, what was needed 
was an adequate system of symbolic notation. The final devel- 
opment of an adequate symbolic notation reduced the syllogism 
to triviality and old issues faded quickly after Boole laid the 
foundations for an algebraic notation and Venn came forth 
with his ingenious improvement on Euler’s circles. This re- 
sulted in a diagrammatic method perfectly isomorphic with the 
Boolean class algebra and picturing the structure of class logic 
with great visual clarity. Figure 8 shows Venn’s method as it is 
applied to a syllogism. Three intersecting circles, labeled § for 
the subject, M for the middle term, and P for the predicate, are 
shown. All elements inside circle S are considered members of 
class S; all points outside the same circle are considered not-S, 
which we shall symbolize S$. The same symbolization is used 
in the other circles, which overlap in such a way that, if each 
compartment is labelled appropriately, there is a compartment 
for every possible three-term combination of the three letters 
and their negations. 

Many other diagrams to solve problems in the propositional 
calculus have been worked out. Gardner describes how he set 
himself the task of working out a system which, essentially, 
consists of a linear network; it is, like all geometric methods, 
topological, but it exploits the iconicity of linear networks in 
such a way that the network becomes an isomorph of the logical 
structure being analyzed. Gardner's contribution was to at- 
tempt a network analogy simple enough to be as serviceable as 
a blackboard, or paper, method of solving truth-value problems. 

It is difficult to say who was really the first inventor of the 
world’s first logic machine. Certainly Lull made use of some 
rotating disks to facilitate the working of his rather eccentric 
system of reasoning. Perhaps the inventor of the world’s first 
logic machine, in the strictest sense of the term, was an 18th- 
century British statesman and scientist, Charles Stanhope 
(1753-1816), who called his rather curious device the Stanhope 
demonstrator. It could not only be used for solving traditional 
syllogisms, but also took care of numerical syllogisms. The next 
great advance in the history of logic machines was the first 
working model of Jevons’ famous logic machine in 1869—the 
first machine powerful enough to solve a complicated problem 
faster than the problem could be solved without the machine’s 
aid. Jevons was one of the pioneers of modern symbolic logic 
and, at a time when most British logicians ignored the remark- 
able achievements of George Boole, Jevons regarded Boole’s 
work as the greatest advance in the history of the logic since 
Aristotle. 

In the early 1880's Allan Marquand constructed a logical 
machine which is a little more than a foot high, about 8 in. 
wide, and 6 in. deep. The inner mechanism consists of an 
ingenious arrangement of rods and levers connected by catgut 
strings and small pins and spiral springs. Like Jevons’ “logical 
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piano,” Marquand’s machine is designed for four terms. The 
16 possible combinations of true and false terms are represented 
by 16 rotating pointers on the face of the machine. These 
pointers are labeled in accordance with Marquand’s logic 
diagram. Each pointer can be raised to a horizontal position 
pointing to the left to indicate that the combination is true 
(i.e., consistent with the premises) or it can be dropped into 
a vertical position pointing downwards to indicate a false com- 
bination (i.e., inconsistent with the premises). A circuit design 
for an electromagnetically operated version of this was found 
among Marquand’s papers, which is probably the first circuit 
design ever drawn for an electrically operated logic machine, 
although there is no evidence that the machine was ever 
actually built. 

In 1910, an Englishman named Charles P. R. Macaulay, 
living in Chicago at the time, applied for an American patent 
on a four-term logic machine which apparently combined 
the best features of both Jevons’ and Marquand’s machine with 
features that make for an extremely compact and easily oper- 
ated device. Annibale Pastore developed a device in 1903 which 
is an attempt to translate the structure of syllogistic reasoning 
into physical movement, somewhat foreshadowing the analog 
computer. It consists essentially of a triangular arrangement 
of three groups of wheels, representing the subject, predicate, 
and middleterms, and a complicated arrangement of differential 
gears, screws, weighted pendulums, and endless belts that join 
the wheels in a manner appropriate to the syllogism under 
consideration. 

When we turn to the electrical machines that have been 
designed for the propositional calculus, we enter an altogether 
different domain. Here we find a striking analogy between the 
networks and the formal structure of the logic that the networks 
manipulate. The close correspondence between electrical net- 
work theory and the propositional calculus seems to have 
dawned on many minds independently. In the United States, 
the first published paper on the topic was the historic article 
“A Symbolic Analysis of Relay and Switching Circuits,” by 
Claude E. Shannon (1938). In this paper Shannon first ex- 
plains how relay and switching circuits can be expressed by 
equations. The calculus for manipulating these equations is then 
shown to be isomorphic with the propositional calculus of 
symbolic logic. The values of true and false correspond to the 
open and closed states of a circuit. Disjunction (oR) is indi- 
cated by series connections, and equivalence (“if and only if”) 
by two circuits that open and close together. 

Shannon’s paper laid the groundwork for the construction of 
truth-value logic machines, and it also suggested new methods 
by which circuits could be designed and simplified. An unneces- 
sarily complex circuit can be translated into the propositional 
calculus. The statement can be minimized (i.e., reduced to its 
simplest form) and then translated back to circuit design. Or a 
new circuit can be devised similarly. Shannon’s paper also cast 
light on the logical aspects of computer programming, since 
the instructions for a computing machine (namely, the pro- 
gram according to which it performs certain operations under 
certain conditions) is a logical, rather than a purely arithmeti- 
cal, procedure. 

Since Shannon’s article appeared, rapid advances have been 
made in the application of symbolic logic to circuit theory. 
Once again in the history of science, a subject of heretofore 
purely academic interest pursued entirely for its own sake 
suddenly proved to have enormous practical value. As we 
move into the new industrial age of electronic automation there 
is every reason to believe that the “esoteric, abstract and the- 
oretical” work of the logician will assume increasing practical 
importance in the design of efficient circuitry for the more 
complicated computing and control machines. 


Modern Computing Machines 


All electronic computing machines consist of one or 
more of the following basic functional components: a 
control unit, a memory (storage), an arithmetic unit, 
logic circuitry, an input unit, and an output unit. The 
control unit monitors all computer operations, the arith- 
metic unit performs all addition (and, by means of re- 
peated additions and complementation, all other arithmetic 
operations), and the input and output units serve as the 
connecting links of the computer with the outside world. 
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Fig. 9—Logic elements: (a) AND gate, (b) OR gate. 


A computing machine works by a combination of 
arithmetical operations and logical decisions, since any 
addition in the binary system involves a shifting opera- 
tion which requires a logical decision. In the decimal 
system, shifting is required only when the addition of 
two digits exceeds nine, but in the binary system a bit 
is either “on” or “off”, so that every addition involves 
shifting. 


The basic logical operations of a computer are dis- 
junction and conjunction by means of the basic circuit 
elements, namely, the or circuit and the AND circuit, as 
shown in Fig. 9. The output of the AND circuit is at 
ground level if the inputs a, b, and ¢ are at ground level 
(Fig. 9a); the output of the or circuit, however, is at 
ground level if any of the inputs, a, b, or c, are at ground 
level (Fig. 9b). 


VII. Logie and Circuit Design 


The hardware components of a computing machine are 
of immense variety, ranging from enormous power-sup- 
ply systems and cooling apparatus to minute transistors 
and memory cores. It is obviously impossible to discuss 
even an infinitesimal part of the hardware in a short 
article. Basic to the essential nature of computer com- 
ponents are the logical elements that represent the func- 
tional units of computing machines, and these will be 
discussed in this section. 


The Computer as a Nervous System 


The essential nature of the functional components can 
be called neurons, after the nerve cells in the higher ani- 
mals and human beings. There are, essentially, three kinds 
of neurons which can be compared to the three distinct 
types of functions. They are: the receptor neurons (input), 
the central neurons, which do the actual work (arithmetic 
units and logical circuitry); and the effector neurons (out- 
put). 

Each neuron has one entrance and one, or more, exits. 
The entrance of a receptor neuron is called a receptor, 
indicated in Fig. 10 by a small square. Neurons are repre- 
sented as lines, the direction in which impulses flow is 
shown by arrows. The exit of a receptor neuron is called 
an endbulb, indicated by a small circle. The entrance of 
a central neuron, shown in Fig. 11, is called synapse, 
and the exit (as in the receptor neuron) is called an 
endbulb. The entrance of an effector neuron, shown in 
Fig. 12, is a synapse, and its exit is called an effector, 
indicated by a solid dot. Two neurons are connected to 
each other by the contact of an endbulb of one to the 
synapse of the other. Neurons form nerve nets by the 
contact of each endbulb to exactly one synapse, and by 
the contact of each synapse to exactly one endbulb. If 
a nerve net were to consist of a single receptor neuron 


Endbulbs 


Fig. 10—Receptor neurons. Fig. 11—Central neurons. 
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and a single effector neuron, the endbulb of the former 
would contact the synapse of the latter. A receptor neuron 
with more than one endbulb, each of which contacts a 
synapse, effects more than one effector neuron. (Note 
that effectors and endbulbs correspond to axons and den- 
drites.) Before we can discuss networks further, we must 
digress into mathematical theory. 


Combinations. A combination is a set of things, and can 
be compared to a class, as discussed in Section III. We need 
not, at this time, be concerned with the order or arrangement 
within the combination (which is not determined thereby), but 
only by the elements that are included as members. A combina- 
tion of r (number of) members out of nm (number of) elements 
may be designated ,C,, which can be defined verbally as “the 
number of combinations of n elements taken r at a time.” It is 
quite simple to find the value of ,C, for small values of n by 
listing all the possible combinations. For example, we can find 
the value of ,C, by listing the different ways three letters can be 
selected from the four letters a, b, c, and d; and we discover 
that there are four possible combinations, namely: abc, abd, 
acd, and bcd. Thus, we find the value of ,C, to be 4. The value 
of ,C, is obviously 1, and the value for ,C,, is n. It is quite 
possible to find the value for any ,C, for any given value of 
n and r. However, where these values are large, this would be 
a much more cumbersome process than finding a relation 
between ,C, and ,P,, where ,P, stands for the permutations 
of n elements taken r at a time. We say that ,P, is the n 
factorial, n!, and that mn! — (n — 1)! nm. And we find that what- 
ever the value of n and r, ,P,=r!,,C,, and therefore, .C, = 
»’,/r!, and 


n(n — 1)-(n — 2)+++ tor factors 
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Fig. 12—Effector neurons. 





By the total number of combinations of n elements, 


we mean 


and, accordingly, ,¢ 2” means 2° 2°2°°**n factors, because 
considering the n elements and trying to estimate how a com- 
bination can be selected from them, we find that we can either 
select or reject the first element, so that there are two possi- 
bilities. Thereafter, we can either select or reject the second 
element, so that there are two possibilities again, and so forth. 
Since there are n elements, there are 2+ 2+2+++n factors and, 
therefore, .C = 2* 
This can be proved by the binomial formula 


(a + b)* nl; a™'b+,C, ar? be + + ,C,, b* 


no a" + 


If we assume that a b 1 in this expansion, the result is 


(1 + 1)* 2 
WCo + Ci + Cr +--- +,C, 

Probability. The probability of an event, in verbal language, 
means simply the likelihood that it will occur. Mathematical 
probability defines the exact measurement of this likelihood by 
assigning values from 0 to 1. Anything that is neither impos- 
sible nor absolutely certain has a probability value of some- 
where between 0 and 1. The probability of throwing a nine with 
one six-faced die, for example, is 0. It simply cannot be done. 
The probability that any number in the range from one to six is 
thrown is 1, since this cannot fail (assuming ordinary conditions 
under which some face must come up). Thus, the probability 
of throwing a three is somewhere between 0 and 1. Since the 
die can come up in six different ways, the probability of throw- 
ing a three is one of six possibilities. Thus, there is one way in 
which the event of throwing a three can happen, and five ways 
in which it can fail to happen, and any one of these six ways 
are equally likely. 

If an event can happen in h ways and fail in h ways, which 
are all equally likely, then the probability that it will happen, 
p, is given by p=h/(h-+f), and the probability that it will 
fail, g, is given by q f/(h + f), and since it is true that the 
event must either happen or fail, it is clear that p + q= 1. 

Thus the probability of throwing a three with a six-faced die 
is 1/(1 + 5) 1/6, and the probability of not throwing a 
three is 1 1/6 5/6. 

1. The Probability of Mutually Exclusive Events: Two events 
that cannot possibly happen under some specified conditions at 
the same time are mutually exclusive. If a coin is tossed once, 
the event of its landing “heads up” and the event of its landing 
“tails up” simultaneously are mutually exclusive. If one card 
is to be drawn from a pack, the events of drawing both a Queen 
and an Ace to complete a Royal Flush are mutually exclusive 
events. (However, if one card is to be drawn from a pack, the 
events of drawing an Ace and drawing a Heart are not mutually 
exclusive.) This leads to the theory that the probability that 
one or the other of two mutually exclusive events will happen 
is the sum of their separate probabilities. Assuming that: 

p = probability that either the first or the second of two 
events will happen 
pi = probability that the first event happens 
P: = probability that the second event happens 
n number of ways either event can happen or fail 
h number of ways either event can happen 
h, = number of ways the first event can happen 
h, = number of ways the second event can happen 
then 
h=h+h 


because the events are mutually exclusive. Therefore, 


h_ h+h 
p=—= 


2. The Probability of Independent Events: Events that can- 
not affect one another in any way are called independent 
events. The probability of throwing a three is the same witn 
every throw of the die, and to believe that this probability is 
in any way affected by preceding throws is to commit the 
“gambler’s fallacy.” The theorem for the probability of inde- 
pendent events states that the probability that both of two 
independent events will happen is the product of the proba- 
bilities that each of them will happen separately. The proof 
of this theorem is similar to the proof of the theorem for the 
probability of mutually exclusive events, and the theorem can 
be applied to any number of events. 

3. The Probability of Dependent Events: If the occurrence of 
an event a, p, affects the probability of the occurence of an event 
b, p., then p,, is said to be dependent on p,. The probability of 
the occurrence of event a being followed by the occurrence of 
event b is the product of p, and p,. For example, the proba- 
bility of drawing from a pack of cards a Jack of Hearts and a 
Queen of Hearts is (1/52)*(1/51). The proof of this theorem 
is similar to the proof of the theorem of the probability of 
mutually exclusive events. 


The activity of nerve nets is regulated according to 
the theory of probability. We shall discuss nerve nets 
wherein receptors are regulated in such a way that the 
receptor can fire* only at intervals that are integral values 
of t (where ¢ is measured in milliseconds or microsec- 
onds), and wherein this pulse regulation at the receptors 
synchronizes the activities throughout the net, so that 
neurons can fire only at integral values of 1. If we assume 
that a receptor fires at a time ¢, then the pulse travelling 
along the receptor neuron will reach the endbulb of the 
receptor neuron at a time ¢ + 1, at which time the 
endbulb dies.* At the same time, the pulse will cause an 
excitation, causing the synapse (contacted by the endbulb) 
to fire at the time t + 1. This process is repeated in the 
effector neuron, so that the effector dies at the time 
t + 2. In other words, if the receptor fires at ¢, the 
effector will die at t + 2. 

In a more complicated network, the receptor will fire 
at t, and the endbulb of the receptor neuron will die at 
t + 1; the endbulb of the central neuron will then die 
at ¢ -+ 2, and the synapse of the effector neuron will, 
therefore, fire at t + 2; thus the effector will die at 
t+ 3. 

To consider the logically essential behavior of the 
neuron, let us assume that all neurons have these prop- 
erties: 

1. If a neuron fires at a time ¢, then all its endbulbs or 
effectors will die at ¢ + 1. 

2. A synapse fires at any time, if—and only if—a majority 
of the endbulbs contacting it die at that time. 

The firing of receptors causes the firing of central 
and/or effector neurons; however, there may be certain 
neurons in a net which cannot be fired by the excitation 
of receptors; for example, if none of the endbulbs of the 
receptor neuron contacts any central neuron, the recep- 
tor neuron cannot be the cause of any excitatory process 
in the central neurons. It is, therefore, obvious that any 
activated central neurons must have been fired by what 
is called an “initial condition” at a time t — 0. 

Considering that, as stated above, a synapse is fired at 
any time if—and only if—a majority of the endbulbs con- 
tacting it die at that time, we need to specify the minimum 
number of endbulbs that must die for a synapse to fire. 
This number n is called the “threshold” of the synapse, 
and we can now amend the second property of neurons 
(stated above) as follows: A synapse fires at any time 1, 
if—and only if—at least n of the endbulbs contacting it 
die at this time t. Threshold can be illustrated as a way of 
designating inputs by the construction of input-output 


*The term “fire” is used to denote the excitatory process of receptors and 
synapses; the term ‘“‘die’’ is used to denote the opposite process in endbulbs 
and effectors. 
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Fig. 13—Input-output tables for threshold. 


tables that are essentially truth tables, as shown in Fig. 13. 
In Fig. 13 (a) we can see excitation in the output, e, if— 
and only if—at least one receptor fires; in Fig. 13(b) we 
can see excitation in e if—and only if—at least two recep- 
tors fire simultaneously; in Fig. 13(c) we can see excita- 
tion in e if—and only if—all receptors fire simultaneously. 
Such input-output tables can be constructed for any net- 
work. And this is one of the practical applications of theory 
and scientific ivory-tower “games”. 


Design Functions 


The functional design of a digital computing machine 
can be divided into three major steps: 


1. System analysis is the function of defining the operations 
the computing machine will need to perform, the analysis and 
systematization of these functions, and finally, the specification 
(in broad outlines) of the design considerations necessary to 
reach desired goals. 

2. Circuit design is the construction of the individual com- 
ponent circuits for input and output operations, storage, control, 
arithmetic operations, etc., out of basic elements such as 
resistors, transformers, tubes and transistors, diodes, wire, cams, 
gears, and all the other units that are generally lumped together 
under the designation “hardware.” In other words, this is the 
function of creating circuits and apparatus to perform the 
operations defined in the first step. 

3. Logical design is the function of combining the specifica- 
tions created as a function of system analysis with the com- 
ponent circuits created as a function of circuit design into 
diagrams to specify how the components are to be integrated 
to realize the desired goals. 


Of course, these three functions are closely related to 
one another, and the success of a system depends greatly 
upon the degree of integration achieved. 

We shall not discuss the first step in detail in this article; 
the second and third steps are the subject of this section. 

Logical Elements. A set of computer elements must 
be complete and operate reliably. A function, or set of 
functions, is complete if all other functions can be formed 
from them. Complete decision elements, together with a 
non-trivial storage element, can form a complete set of 
logical elements. Because of the intrinsic gating of flip- 
flops, it is possible for a storage element to be a universal 
logical element which requires no external decision ele- 
ments. 

Complete pairs of functions are, for example, AND 
and “complement”, or and “complement”, etc. Note 
that AND and or do not form a complete function, 
whereas AND, OR, and “complement” form the most 
frequently used set in logical design, because they are 
readily available and well adapted to the pattern of human 
thought. We can summarize by defining logical elements 
as a set of components which, as independent but inter- 
related units (for example, an input unit, or a combina- 
tion of input units), perform non-trivial logical functions 
that produce something new as output. 
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Fig. 14—Basic (Eccles-Jordan) flip-flop. 


Fig. 15—Block symbols for gates. 


Binary Circuits. The binary number system provides the 
most convenient method of representing numbers in com- 
puting machines, because it requires only two voltage 
levels (for example, 0 and -++-20). This makes it possible 
to design circuitry to represent numbers reliably and ac- 
curately. Because of the immense number of component 
circuits required, it would be a mammoth task to lay out 
individual specifications for each circuit. It would also 
be quite unnecessary, because only a few basic circuits 
are used in the design of the most elaborate systems. These 
basic, standardized circuits that can be combined by inter- 
connectors are called building blocks. The output of each 
block must be at the proper voltage and impedance level 
so that it can be applied to the input of another building 
block. Not only the design, but the operating and mainte- 
nance efficiency of this method is self-evident. Decision 
elements and storage elements are two major types of 
logical elements. Decision elements are frequently called 
gates, such as inverters, AND gates, and OR gates. Mag- 
netic cores, delay lines, and flip-flops (as shown in Fig. 
14) are examples of storage elements. Unfortunately, the 
symbolic representation of decision elements varies con- 
siderably. Three of the most frequently used symbolizations 
are shown in Fig. 15. 

A decision element with one input has two possible input 
configurations and four possible output responses. Two 
inputs make four input configurations and sixteen output 
responses possible. In general, decision elements with n 
inputs will have 2" possible input configurations and 2” 
possible output responses. Input and output values are in 
accordance with the Boolean algebraic configurations. An 
inverter is shown in Fig. 16. A Nor element consists of a 
resistor OR-gate with a one-transistor inverter-amplifier. 
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Fig. 16—Inverter. 


Fig. 17—Truth-table, single-time-interval delay. 


Fig. 19—Basic truth tables. 


Fie. 18 Delay latch 


Each binary storage element is capable of retaining one 
bit of information for one or more time intervals. In an 
asynchronous computer (i.e., one where events occur at ir- 
regularly spaced time intervals) storage elements are de- 
signed to retain information from one input event to the 
next. Bi-stable storage elements can remain in a given 
state indefinitely, or until a new input occurs; they are 
therefore suitable for both synchronous and asynchronous 
computers. The bi-stable storage elements used in the arith- 
metic and control units are called flip-flops or toggles. 
Mono-stable storage elements have only one stable state, 
although they can indicate a second state as transient re- 
sponse to an input event; they are thus suited to synchro- 
nous operation. There is no generally accepted name for 
the mono-stable storage element; the terms delay element 
and dynamic flip-flop are most frequently used. 

The output of a flip-flop is dependent upon the stored 
value and the previous input configuration; therefore, the 
output is related to the input and the stored value by a 
difference equation in time which relates the values of an 
unspecified function f at a time x, x +h, x + 


Fig. 20 — Karnaugh 
maps: (a) two-vari- 
able, (b) four-variable. 
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x -+- nh, where h is a stated value. Almost all storage ele- 
ments have a normal output—i.e., an output equivalent to 
its stored value. Thus, if a flip-flop stores a 0, its output 
will be 0. 

The two most widely used single-input storage elements 
are called delays and triggers. A delay element is a storage 
device that delays its input information one or more time 
intervals. The state of a single-time-interval delay storage 
element U at a time 7 + 1 depends only upon its input D 
at time 7; therefore, U7 + 1 = D’, which is shown as a 
truth-table in Fig. 17. The delay element is different from 
other storage elements just because it is not intrinsically a 
function of preceding states; thus, the delay is most useful 
where such dependence is undesirable as, for example, in 
shifting registers. However, a delay element can be used 
to hold information and is therefore called a delay latch, 
as shown in Fig. 18. 


Boolean Algebra and Circuits 


Let us return to symbolic logic and Boolean algebra 
and see how both are related to the design of computing 
machine circuitry. Any expression representing a proposi- 
tion is called a propositional function, so that the single 
letters p, q, r, .. . and any combination thereof that repre- 
sents propositions are Boolean propositional functions. The 
basic truth tables of complement, conjunction, disjunction, 
implication, and equivalence shown in Fig. 19 are the basis 
for the construction of any propositional function, and the 
validity of any function can be determined thereby. A law, 
or a valid statement, is any function that is necessarily 
true, or in other words, true for all possible ways in which 
values can be assigned to its variables. 

When binary Boolean algebra is applied to switching 
circuits, the variables are switches a, b, c, . The 


operators are AND (+), OR (++), and NoT (_); == is used 
for equivalence. (Implication is not usually used.) There- 
fore, the two possible values for any variable are 0 and 1, 
(i.e., an open switch or a non-conducting state for 0 and 
a closed switch or a conducting state for 1). The functions 
of the variables are called switching functions, each of 
which represents a circuit. The two simplest circuits are 
the always-open switch (0) and the always closed switch 
(1); without variables—just the constants 0 and 1—we 
get compound circuits, each of which is equivalent to 
either 0 or 1. In other words, if each switch in a circuit 
is fixed (i.e., always open or always closed), then the 
whole circuit is equivalent to an always-open or an always- 
closed switch, respectively. 

According to Boolean algebra, an always-open switch 
in series with an always-open switch results in an always- 
open circuit; an always-open switch in series with an 
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Fig. 21—Construction of a four-dimensional hypercube. 


always-closed switch results in an always-open circuit; an 
always-closed switch in series with an always-open switch 
results in an always-open circuit; an always-closed switch 
in series with an always-closed switch results in an always- 
closed circuit. An always-open switch in parallel with an 
always-open switch results in an always-open circuit and 
an always-open switch in parallel with an always-closed 
switch results in an always closed circuit; an always-closed 
switch in parallel with an always-open switch results in 
an always-closed circuit; an always-closed switch in parallel 
with an always-closed switch results in an always-closed 
circuit. A never-open switch results in an always-closed 
circuit, a never-closed switch results in an always-open 
circuit. [This means, of course, that a series arrangement 
of switches corresponds to a logical conjunction (AND), 
whereas a parallel arrangement of switches corresponds to 
a logical disjunction (oR).] The more complex Boolean 
algebra expressions correspond to more complex circuits; 
however, their basic functions are always the same. And 
from these basic functions, all circuits are designed. 

Just as there are unlimited possibilities to express a 
Boolean function, switching functions can be expressed 
which correspond to different circuits. All these circuits 
are logically equivalent, which means that they have the 
same conditions of closure. However, logical equivalence 
does not necessarily mean that such circuits are the same; 
one may contain many more components than another, 
or be more complex. Switching-circuit algebra is used to 
find equivalent circuits in order to choose the circuit that 
is most suitable, which usually means the simplest, al- 
though there is no universal criterion of simplicity. Gen- 
erally, the simplest among logically equivalent circuits is 
one with the fewest letters in its algebraic expression. De- 
riving equivalent functions from given functions depends 
upon the fundamental laws of binary Boolean algebra, as 
discussed in Section VI. According to the basic theorem 
of Boolean algebra, any function of n variables can be ex- 
pressed as the Boolean sum of a set of minterms*, or as 
the Boolean product of a set of maxterms*. 

The binary value of the switching function for each 
combination of binary variables can be tabulated as a 
truth table by (1) assigning a column to each binary vari- 
able, (2) assigning a column to each binary function, (3) 
assigning a row to each different combination of values of 
the binary variable (there will be 2” rows for n variables). 
Of the numerous methods of configuration and compari- 
son employed, only an example can be given. 


The Karnaugh map is based on the Venn diagram and used 


*A minterm (also called primitive) is the Boolean product of n variables 
of a function. The four possible minterms of the two variables, a and b, are: 
arb, arb, asb, and aeb. Minterms are usually denoted m, with a superscript n 
wherever necessary to indicate the number of minterms involved, and with a 
subscript denoting the particular term in a pre-determined sequence (usually 
alphabetical). Thus, the minterm a+b in the cited example would be denoted 
m2. A maxterm is the Boolean sum of n variables of a function, denoted M. 
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22—Four-dimensional hypercube in symmetrical form. 


Fig. 23 — Cyclic 
code in four varia- 
bles. 


to minimize switching functions containing up to four variables. 
I'wo-variable map forms are shown in Fig. 20(a). In the four- 
variable map, shown in Fig. 20(b), the individual squares are 
cells of the map corresponding to the nodes of a four-variable 
hypercube (which we shall not describe in detail, but show 
in Figs. 21 and 22). The vertical and horizontal lines between 
cells correspond to the lines joining the nodes of a hypercube. 

Cyclic codes have been found useful in converting informa- 
tion from an analog form to its digital equivalent, and vice 
versa. For example, it may be necessary to determine from a 
rotating shaft the value of a variable, which is represented to 
some scale, by the angle through which the shaft has turned 
and to convert this information to digital form for further 
processing. It may then, in turn, be necessary to convert the 
digital computation through a servo-mechanism to its shaft 
position. This can be accomplished by a coded commutator 
that is mounted on the rotating shaft to act as the link between 
the varying shaft position and the corresponding digital values 
that must change by discrete steps. The number of brushes 
making contact with the commutator must equal the digits in 
the code and, with each brush reading, a separate mark is made, 
the 0’s and 1’s of the code being represented by non-conducting 
and conducting segments. 

The basic idea in a cyclic code is the simple change of 
variable that performs any horizontal or vertical transition 
between adjacent cells of the map. Consequently, any sequence 
of horizontal and vertical transitions within the Karnaugh map 
generates a cyclic code. If the sequence begins and ends in a 
pair of adjacent cells and passes through all the other cells, that 
sequence describes a complete cyclic code, such as one in four 
variables shown in Fig. 23. For convenience, the beginning and 
end of each code is indicated by an open circle and the connec- 
tion between the beginning and the end by a dotted line, 
although there is actually no beginning and no end. 

Algorithms. An algorithm is a step-by-step iterative process 
completed in a finite number of steps for the purpose of solving 
a given problem. For every type of problem to be solved by a 
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24—The Sieve of Eratosthenes (numbers 1 to 40) 


digital computer, a complete algorithm must be worked out 
before the machine can be programmed. Trial steps must be 
devised, which means the mathematician must work out a 
systematic method for the computer to make iterative trials and 
accept only the one that gives the correct results. Computing 
machines are eminently suited to carry out such programs, but 
not even the most sophisticated machine can devise its own 
algorithms 

-Every school child learns the multiplication algorithm. In the 
division algorithm, tentative steps must be taken and a digital 
computer performing a long division will make systematic trials 
for the quotient, first trying 0, then 1, and so on. As soon as 
the trial digit multiplied by the divisor exceeds the dividend, 
the computer will accept one less than the trial digit. This 
means, of course, that logical decisions are involved: i.e., the 
machine must be able to choose between trying another repeti- 
tion, or stopping. 

The Euclidean algorithm is a means for finding the greatest 
common divisor of two numbers by dividing the divisor by 
successive remainders, which in turn become divisors, until a 0 
remainder is obtained. The last divisor used is the greatest com- 
mon divisor 

Newton's algorithm for square roots is one more algorithm 
often used in preparing problems for digital computers. Let 
a be an approximation of the square root n. Then we may 
always get a better approximation b, by the formula b 
(4%2)(a + n/a). Consider the following: if the number n is 
divided by its exact square root, the quotient will also be its 
exact square root. If, however, the first approximation is less 
than the exact square root, then the quotient n/a will be greater 
than the exact square root. Thus, the exact square root must lie 
between a and n/a. Consider further, that the average of a and 
n/a, namely (%)(a+ n/a), is a better approximation than a. 

The Sieve of Eratosthenes is a method for finding prime 
numbers (/.e., numbers that are exactly divisible only by them- 
selves and 1). A systematic method, or a general algorithm, 
for finding all prime numbers less than some given number was 
devised by Eratosthenes (about 250 B.C.). Use of the Sieve to 
find all prime numbers under 40 is illustrated in Fig. 24. Com- 
puting machines programmed for the sieve algorithm have 
extended the list of prime numbers greatly, and a new largest- 
known prime number is being discovered periodically, when- 
ever a computer can be spared for a few minutes to work on 
this problem 

The series of prime numbers is, of course, infinite—which 
can be proved indirectly as follows: if there were a last prime 
number, P, we could hypothetically write a finite series of prime 
numbers, namely, 2, 3, 5, ..., P. We could then construct a 
number 


Q = (2-3-5 ‘P) +1 

since there is a remainder of 1 where Q is divided by any of 
the prime numbers. Then Q must either be a prime number or 
be divisible by a prime number, which is not included in our 
hypothetical series. Therefore, the hypothesis that there is a 
last prime number is absurd. 

Mathematical Notations. A sum of many terms, all of which 
are of the same type or developed from the same law of forma- 
tion, is denoted by the sign of summation, =, instead of the 
terms of the sum being tediously written out. Verbally, = means 
“the sum of all terms of the same type as” the general expres- 
sion standing for each of the terms. Subscripts, such as i, j, k 
and m, indicate the structure of each term. For example: 


5 


> a,=-4+@+4+a4+ 4; 


Fig. 25—Redundancies. 


> i} = 148+ 27 + 64 = 160 


¢=1 


The left member of these equations is simply a shorthand 
method of writing the sum shown in the right member, and is 
read “the sum, from i=1 to i=5 of a,.” This equals, by 
definition, the right member, which is read a, + a4, + a, + 
a, + a.. 

A product of many factors of the same type, or developed 
from the same law of formation, is denoted by the product sign, 
[I], instead of writing out all the factors. Verbally, [] means 
“the product of all factors of the same type as” the general 
expression representing each of the factors. Thus 


4 
Il ay = A,*_"3° a4 
1 i 


means that the left member is an abbreviation of the product 
on the right; the left member is read “the product, from 
i=1 to i=4, of a,.” This equals by definition the right 
member “a, times a, times a, times a,.” 

n 


[Ja +k-r) = (14+ 2)-(1 + 22)-C 4+ 34) (1 + nz) 
k t 


The product Il k occurs so often that it is called the n factorial, 
A i 


further abbreviated n! 


Methods of Simplification 


The Boolean function obtained by the logical designer— 
usually from a truth-table by means of a basic theorem— 
may be simplified to express the same function using less 
equipment. Although the simplest configuration is not 
necessarily the optimum design, it is, in the interest of 
economy, desirable to investigate this possibility before the 
computer design is translated into hardware. 

The cut-and-try method is often useful in the preliminary 
stages of simplification. Essentially it consists of a re-ex- 
amination of the problem and the replacing of one side 
of an equation by the other side, if this seems to save 
equipment in the judgment of the designer. The success 
of this method depends on the experience and ingenuity 
of the designer. 

One method to find the simplest, normal representation 
of a function was devised by W. V. Quine; it forms the 
basis for most other methods used. The Quine method 
consists of (1) expressing the function as a sum of min- 
terms; (2) finding a set of prime implicants; (3) finding 
the essential prime implicants; and (4), if the essential 
prime implicants do not complete the function, finding 
the simplest possible combination of the remaining prime 
implicants required for completion. (The best way to 
clarify these rules would be by working out several exam- 
ples, which is clearly beyond the scope of this article.) 

The method of simplification by incorporating redun- 
dancies is also commonly used. A redundancy is a combi- 
nation of variables (i.e., certain minterms) that is un- 
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desirable—therefore, it is also called a “forbidden combi- 
nation”, an “irrelevancy”, or a “don’t care”. For example, 
in a binary-coded decimal system, the combination of the 
1-bit, the 4-bit, and the 8-bit would represent the decimal 
number 13, which (like all binary combinations repre- 
senting the decimal numbers 10 through 15) is redundant. 
Redundancies may be used to simplify Boolean functions 
by marking the squares of redundant minterms in a Veitch 
diagram with an ‘ as shown in Fig. 25. All other 
squares will have the functional values of 1 or 0. Redun- 
dancies are utilized as 1’s whenever this will simplify a 
term, and ignored otherwise. 


Logical Operations 


All operations are controlled by pulse trains circulating 
in the machine which serve as dynamic representations of 
numbers and instructions (the static representations might 
be the perforations on cards or tapes). Even the most 
sophisticated computing machines are not intrinsically 
complicated devices, but are composed of vast numbers 
of very simple elements, the most basic of which is the 
two-way switch which translates the two-valued Boolean 
algebra into hardware. 

‘The logical operation of conjunction is carried out by 
the AND gate which has two input terminals and one out- 
put terminal, the output being fired if, and only if, both 
inputs are fired simultaneously. The two diodes will each 
pass half the current when both inputs fire; if only one 
input fires, however, the one pulse makes the appropriate 
anode negative and the cathode cannot follow suit, since 
the current for this anode and cathode now flow through 
the other anode and cathode. Since the second input has 
not changed voltage, there will be no change in the output 
voltage. Therefore, the anodes and cathodes need to carry 
pulses simultaneously. 

Similarly, the logical operation of disjunction is carried 
out by the or gate, and complementation (negation) by 
the NoT gate. In the or gate, the output fires when either 
one, or both, of the inputs fire. The NoT gate realizes com- 
plementation when there is no pulse in the input. 


Funetional Units 


Four of the characteristic operations of the control unit 
are: (1) “reading” the number in the control tube; (2) 
adding 1 to the order to bring up the next order in the 
series (note that the same pulse train used to set up the 
staticisor also selects the next instruction); (3) copy the 
instruction into the present instruction line, reread the irt- 
formation and set up the staticisors to perform arithmetic 
operations, and choose the number to be operated on; and 
(4) perform the appropriate operation according to the 
instruction. 

A typical arithmetic-unit circuitry, in terms of these 
components, is the adder which uses only the gates already 
described, with a third input for the bit that is to be car- 
ried. Bits are to be added one at a time, so that a “carry” 
operation is necessary for each addition, and the rules for 
addition are therefore essentially truth tables. 

Three principal storage methods are the delay-line sys- 
tem, the electro-static system, and the magnetic drum. The 
storage system of a computing machine is an indication 
of the complexity of operations the machine can perform. 
This is analogous with human behavior; for human beings 
with a very small memory store are as limited thereby as 
machines are, and without memory there would be little 
sensible behavior at all. 

Magnetic storage usually involves the recording of 
stimuli on high-speed rotating drums by “write heads,” 
and by the responding to such stimuli by “read heads.” All 
stimuli remain on the location (called “address”) where 
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they have been stored, no matter how often they have 
been “read”—unless, and until, other stimuli replace the 
former. 

The arithmetic unit works on the information in the 
memory to produce an output which is the result of ordi- 
nary arithmetical computation. The main components of 
an arithmetic unit are “registers” which store numerical 
results; they may take the form of any of the above storage 
systems. Adders are required and an extra register for mul- 
tiplication for the storage of the multiplier. Since division 
requires a third register, an arithmetic unit is usually com- 
posed of three registers—all really only storage registers 
—to hold the information gained by the 1-to-1 addition. 

A simple instruction carries the address (stored in mem- 
ory) from which a number has to be extracted, followed 
by a coded instruction as to the operation to be performed 
on the data extracted, and then, perhaps, a further coded 
instruction as to the location of the next operation. The 
control system executes the following types of orders: 
formal operations in the arithmetic unit, involving shifts 
and transfers and not going outside the arithmetic unit; 
operations of additions, involving transfers from the mem- 
ory unit; transfers of numbers from arithmetic unit to 
memory; transfer of control to new routines; conditional 
transfers, depending upon the state of the machine and the 
point reached in computation; and states of input and out- 
put. Control requires a high-speed memory to store num- 
bers while numerical operations are being performed, which 
is connected with the counter in the memory store. 


Logie and Computation 


A computer performs a simple addition with the aid of 
control and logical operations. Consider an addition per- 
formed by a human being with the aid of pencil and paper. 
To add the numbers 7 and 9, we write 7, we write 9 below 
the 7, and we draw a line below the 9 as a sign. We add 
the numbers and write 6 directly underneath the 9, and 
put | to the left of the 6. Actually, even in this detailed 
description, many logical decisions are tacitly assumed. 
But even the most simplified program for a computing 
machine would be more cumbersome; we need to remem- 
ber that in reality the machine must make all additions in 
1-by-1 steps. Supposing we start with a “clear” computer 
We shall first of all insert the input information, namely 
the two numbers to be added. We shall say: “Put the digit 
7 (in binary form, of course) into address location 332.” 
Next: “Put the digit 9 into the address location 333.” Our 
program of operation will contain the following instruc- 
tions: (1) Fetch the contents of address location 332 and 
put it into arithmetic register “A”. (2) Fetch contents of 
address location 333 and put it into arithmetic register “A”. 
(3) Perform addition. (This third step would then in- 
volve various operations of 1-by-1 additions.) (4) If there 
is an overflow, carry 1. (5) If 1 is carried, put it in the 
next column as a carry. And (6) Transfer the result into 
the output unit and stop. (Imagine how many thousands 
of operations are involved for a more sophisticated com- 
puter program.) 

The logical arrangement of a digital computer, of an 
analog computer, and of servomechanisms in servo-sys- 
tems is essentially the same, but in an analog computer, 
voltages represent physical phenomena and the output is 
given in physical phenomena; therefore, the translation 
into digits is superfluous. 

Logic is a useful—and quite indispensable—tool for the 
design of switching circuitry. Its applications are too nu- 
merous to be covered in one article, but the basic prin- 
ciples upon which all logical design is based are simple. 
To the engineer who has thoroughly understood these prin- 
ciples, they serve as an inexhaustible supply of solutions 
to his design problems. Oo0°0 
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Magnetism Research Pushes 
New Engineering Developments—l 


This concluding discussion* of research progress with 


magnetic materials, as reported at the AIEE Conference on 


Magnetism and Magnetic Materials, emphasizes practical 


developments in the design of computer elements and in- 


strumentation devices. 


WILLIAM ARROTT, Associate Editor 


Computer Elements 


A large share of applied research in magnetism seeks 
to develop new materials, components and techniques for 
manipulating and storing information using magnetic fields 
as the means and magnetic moments as the media. This was 
evident in nearly a third of the papers presented at the 
recent AIEE Conference on Magnetism. Ultimate objectives 
are the design criteria for future-generation computers and 
similarly built equipment: higher operating speeds, greater 
capacity, smaller size, better reliability and lower cost per 
bit. 

Thin-Film Techniques. One promising approach has been 
the fabrication of storage elements using thin films (meas- 
urable in Angstrom units) of 80-20 nickel-iron alloys, de- 
posited on (for the most part) glass by evaporation, sputter- 
ing or electroplating. When such elements are laminated to 
printed- or etched-circuit elements, quite compact structures 
can result. Even more important, possibly, are the extremely 
fast switching times (fast magnetization reversals) possible 
in thin-film configurations. 

The feasibility of this approach was demonstrated by 
several experimental thin-film memories described at last 
year’s conference. This year the emphasis was on methods 
both for fabricating thin films with predictable and uniform 
properties and for coupling the films to the external cir- 
cuitry. 


*Part I of this report appeared in the February 1960 issue beginning on page 123. 
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In the earliest thin-film memories the films were de- 
posited as arrays of circular spots on a common substrate. 
But these configurations exhibited considerable spot-to-spot 
variation of magnetic properties. One attempt at achieving 
uniform properties, reported by A. C. Moore and A. S. Young 
of the Royal Radar Establishment (Malvern, England), was 
to prepare continuous sheets of magnetic film on glass to 
be etched away, leaving behind an array of spots. Using 
zero-magnetostriction materials to avoid strain-induced non- 
uniformities, continuous films were fabricated (on 6 cm x 
6 cm glass substrates) that showed variations of orientation 
of the preferred (easy) direction of magnetization of less 
than 1 deg throughout the film. But when the films were 
etched to leave an array of 1 cm diam spots, the preferred 
directions of the individual spots varied randomly across 
the sheet as much as 10 deg from the original easy direction, 
possibly due to shape-anisotropy effects of the spot geom- 
etries. 

Further experiments showed that a continuous film 
could be used without etching if magnetized so as to create 
an array of domains of reversed magnetization that did not 
interact. A complete film was saturated in one preferred 
direction and a reversing field slightly less than the coercive 
force (i.e., not quite enough to reverse the magnetization) 
was applied to strips of the film 144 cm apart by conductors 
laid along the film surface. A coincident field of the same 
magnitude (i.e., sufficient to reverse the magnetization when 
applied coincidentally with the reversing field) was super- 
imposed at 1% cm intervals along the strip, but the con- 
ductor in this case was bent away from the film between 
elements. Electron micrographs confirmed the creation of 
an array of uniform domains; pulse measurements demon- 
strated that each storage domain could be individually re- 
versed without affecting others in the array. Eventually the 
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Fig. 19 — Generalized versions of two strip-line configurations 
for coupling to thin-film memory elements: (a) parallel strip- 
line cell, (b) perpendicular strip-line cell. (Source: IBM Re- 
search Laboratory.) 


spacing can be reduced to less than 14 cm centers without 
introducing interaction. 

Just as thin-film fabrication techniques are still a long 
way from being commercially practicable operations, an 
optimum switching method has yet to be found. Workers 
in the field generally agree that there are three basic mech- 
anisms of magnetization reversal (listed in order of in- 
creased reversing field requirements): by relatively slow 
domain-wall movement, so-called (because its nature is con- 
troversial) ; incoherent rotational process; or an extremely 
fast (millimicrosecond) coherent rotation of the magnetic 
moments in the plane of the film. This latter, highly de- 
sirable mode of switching is difficult to achieve, however, 
when the influence of practical “drive” and “sense” con- 
ductors is considered. 

One suggested geometry is to use flat-strip line conduc- 
tors (of width approximating that of the thin-film element) 
to encircle the open flux path closely. These conductors 
would offer low resistance, low skin effect and low line im- 
pedance. But, being closely coupled to the film element, they 
can severely influence the dynamic properties of the film 
through induced eddy currents in the conductors. J. S. 
Eggenberger of IBM Research Lab (Poughkeepsie) general- 
ized the problem with the two representative examples of 
Fig. 19.* In the parallel-strip line example (Fig. 19a), little 
flux from either line pierces the other, so there is little 
shielding effect due to eddy currents. However, if the film 
element were switched by coherent rotation, sufficient flux 
from the film element would pierce the strip lines (and 
induce eddy currents) that the rotational threshold would be 
effectively increased to the point that prohibitively high 
switching fields would be required. Alternatively, switching 
could be accomplished by the non-coherent rotational mode: 
switching field requirements would be reduced but so would 
the switching speed. In the perpendicular strip line case 
(Fig. 19b) the threshold of coherent rotation is similarily 
increased, but in addition the flux from the outer conductor 
pierces the inner conductor to cause eddy currents at the 
crossing point, effectively increasing the rise time of any 
field produced by the outer conductor. 


Thick-Film Toroids. While studying the technical feasibil- 
ity of adapting thin-film element construction techniques to 


*Figures 1-18 are found in part I of this report. 
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larger magnetic devices, J. C. Sagnis, Jr., M. Teig and R. 
L. Ward of IBM Research Center (Yorktown Heights) found 
that the switching properties of toroids made of thick films 
(films etched from 14- and 1-mil rolled sheets of low coer- 
civity, square-loop materials such as HyMu 80) were 
critically influenced by toroid geometry—particularly when 
drive and sense windings are asymmetrically located on the 
toroid as would be necessary in any practical device. 

For each thickness they found a critical ID in excess of 
which 100 per cent irreversible flux change can never be at- 
tained by asymmetrical switching, regardless of the OD. 
But for an ID below this value, there is an OD for which a 
100 per cent irreversible flux change can be achieved. Figure 
20 shows the so-called S-curves for a_ thick-film planar 
toroid of greater than critical size. Full switching is 
achieved by the symmetrical drive. But with the asym- 
metrical drive, the amount of flux switched decreases as the 
sense winding is moved circumferentially away from the 
drive winding. Extrapolation from tests of various core 
sizes showed the critical ID’s to be approximately 0.3 and 
0.2 in. for the 4%4- and 14-mil materials, respectively. 

Ferrite Films. Because the problems of reproducing uniform 
thin films—and of coupling to thin-film devices—are far 
from solved, J. M. Brownlow, W. L. Shevel, Jr., and O. A. 
Gutwin of IBM Research Center turned to ferrite films as a 
possible means for achieving the advantages of thin me- 
tallic films without the drawbacks—which, in addition, 
include: stress sensitivity, disturb sensitivity (the cumula- 
tive effect of a series of pulses, each insufficient to switch 
the core, can cause unwanted switching), and aging. These 
latter effects had been virtually eliminated in toroidal fer- 
rite devices. 
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of a thick-film toroid (1.5 in. ID, 2.0 in. OD, % mil thick) 


whose ID is greater than critical. (Source: IBM Research 
Center.) 
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10 
Applied field , oersteds 


Fig. 21 — Switching characteristic of ferrite film element 0.1 in. 
x 0.3 in. x 8 microns thick with reversing field applied along 
“easy” direction. (Source: IBM Research Center.) 


Because ferrites have lower saturation magnetization 
(B, == 2000 gauss compared to 10,000 gauss for nickel-iron 
films), greater thickness of film could be tolerated for a 
given demagnetizing field and sample dimension, thus en- 
hancing mechanical strength of film elements (which were 
found to be self-supporting without substrate). Many 
characteristics of ferrite films were the same as for ferrite 
toroids: 60-cps hysteresis loops with squareness ratios of 
0.95 and loop shear of 0.2 oersted for many samples with 
d-c coercive forces ranging from 1-10 oersteds. Switching 
curve for an 8-micron thick ferrite film 0.1 by 0.3 in. 
(Fig. 21) shows two linear regions (similar to switching 
curve of a ferrite toroid): domain wall movement below 4 
oersteds applied field; at higher fields a rotational mech- 
anism dominates. Fields of amplitude twice the domain- 
wall-motion threshold were found to be sufficient for rota- 
tional switching times of 0.25 psec or less. Further, unlike 
disturb-sensitive metallic films, ferrite films exhibited the 
same threshold to both pulse trains and d-c fields. 

So far, only switching fields applied parallel to the easy 
axis of the film have been investigated. The supplementary 
use of transverse fields (to “kick” the magnetization “off 
center”) is expected to yield faster switching, as it has in 
metallic film devices. Ultimate bit density of ferrite film 
arrays is expected to be as great as that of metallic film 
arrays. 

Magnetic-Film Parametron. Although most thin-film studies 
have dealt with switching and storage applications, thin 
films can also form the variable nonlinear element of a 
parametric amplifier. Figure 22 shows the construction of a 
thin-film, etched-wire strip line parametron successfully 
operated at oscillating frequencies from 3 to 15 mc. Opera- 
tion is entirely feasible in the 100 to 500 me oscillating 
frequency range, according to its developers, A. V. Pohm, 
A. A. Read, R. M. Stewart, Jr., and R. F. Schauer of Iowa 
State Univ. of Science and Technology. Using present 
techniques, magnetic-film parametrons will soon be built for 
high-performance, continuous operation at power dissipa- 
tions of 10 to 20 mw. 

In the coil arrangement of Fig. 22, the pump winding pro- 
duces both a d-c bias field for tuning the films to magnetic 
resonance, and an alterating pump field at a frequency 
greater than the signal frequency but less than the magnetic 
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resonant frequency of the film pair. Both the constant com- 
ponent and its time-varying component act along the easy 
direction of the magnetic films in the plane of the films. The 
signal winding also produces a field in the films, but per- 
pendicular to the pump field. The interactions of the fields 
produced by the magnetizations induced in the films in 
turn cause a current to be induced in the signal winding in 
phase with the original signal current, thus amplifying it. 
“Secret” of the parametron is the use of capacitive coupling 
between various elements. The capacitive tabs on the signal 
winding serve as a capacitive shunt across the signal wind- 
ing inductance. Also, they serve for capacitive coupling to 
input and output tabs. Phase shifts are juggled so device 
can be used as amplifier or complementer, depending on 
which tab is coupled to, the two being 180 deg apart 
electrically. 

New Ferrite-Core Materials. Because square loops are 
generally found in ferrites containing either divalent copper 
or trivalent manganese, R. W. Weisz and D. L. Brown of 
Telemeter Magnetics, Inc., investigated some 60 different 
ferrite compositions combining both Cu and Mn in hopes of 
finding an improved core material. Compositions around 
0.8MnFe,0,°0.1CuFe,0,°0.1Mn,0, showed the most promise, 
exhibiting both a high squareness ratio and a low switching 
constant around 0.6 oersted-ysec (compared to S,,’s of 0.8 to 
1.0 for conventional magnesium-manganese ferrite cores). 
Although not optimized for coincident-current operation, the 
Cd-Mn cores switched in the same time as conventional Mg- 
Mn cores with driving currents 20 per cent lower for the Cd- 
Mn cores. Output voltage, noise, threshold and temperature 
dependence were comparable for both compositions. Cu-Mn 
ferrites are now being considered for word-select memories 
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Fig. 22— Exploded view (a) and coil cross section (b) of a 
prototype thin-film parametron successfully operated at 3 to 
15 kme as an amplifier or complementer. (Source: Iowa State 
University of Science and Technology.) 
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Fig. 23 — Frameless construction method for Microstack minia- 
ture memory arrays: (a) mats of cores are strung with con- 
tinuous lengths of wire and then (b) folded to a cubic pattern 
with insulating and cushioning material inserted between each 
layer. Leads are brought out to terminal boards. For simplicity, 
sense and inhibit windings are omitted from above sketches. 
(Source: General Ceramics Div., Indiana General Corp.) 


(rather than coincident current) to take maximum ad- 
vantage of their low switching constants. Here the cores 
would be interrogated by arbitrarily large current pulses, 
so switching could be proportionately fast. 


In another search for improved materials, W. L. Shevel, 
Jr., and H. Chang (also of IBM) evaluated low-flux-density 
materials on the theory that the less energy required to 
switch the core, the less chance of overheating the core 
(with consequent loss of magnetic properties). The normal 
criterion of switching time for evaluating ferrite materials, 
they felt, neglected such additional effects as increased 
selection line impedance and long transmission delays when 
large-capacity memories are to be operated at high speeds. 
With large memories of low-flux-density materials, induc- 
tive loading of the transmission lines would be less, due to 
the lower magnetization of the materials, and the impedance 
offered by a switching element would be lower since a 
smaller amount of flux is switched. The authors found that 
/Gd,Fe,,AL,.O,. yielded flux densities 
in the range of 100 to 500 gauss without sacrificing switching 


the garnet series Y 


characteristics or other magnetic properties important to 
storage applications. 

With switching times of 0.1 psec, Al-YIG samples have 
been cycled at frequencies to 2 me with only air cooling. 
The observed temperature rise of 10 C was too small to 
cause deterioration of magnetic properties. Reduction of 
core flux does reduce the available information signal from 
the core for a given switching rate, but this is unimportant 
for the fast switching rates of interest as output amplitude 
increases with switching speed. 

Miniaturized Memory Planes. By eliminating the frames and 
terminals used to support the planar arrays of ferrite cores 
in a conventionally constructed memory, R. Straley, A. 
Heuer, B. Kane and G. Tkach of General Ceramics Div.. 
Indiana General Corp., were able to achieve 20:1 size re- 
ductions through the folding process demonstrated in Fig. 
23. Where a conventional stack of ten 16x16 memory planes 
would require 1236 soldered joints in and between planes 
and occupy 60 cu. in., a Microstack (tradename) of the 
same capacity would occupy only 3 cu in. and need only 
84 solder joints. 

Multi-Purpose, Multi-Aperture Device. Because ferrite ma- 
terials can be processed economically into a wide variety of 
shapes, many workers have sought to perform logic func- 
tions by means of logic-circuit geometry. One of the com- 
bined attempts was the development of a series of multi- 
(called MAD’s) at Stanford Research 
Institute. Each device performed specific functions, but a 
logical operation of any magnitude required MAD’s of 
several different types. David P. Bennion described recent 
efforts to evolve a universal MAD by combining the prop- 
erties of both a positive MAD and a negative MAD in 
the same device. 

Output from a positive MAD (Fig. 24a) results only when 
a one is stored; from a negative MAD (Fig. 24b) only when 
a zero is stored. Also, outputs from each device are of 
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Fig. 24 — Evolution of MAD family of multi-aperture devices com bines characteristics of (a) positive MAD with those of (b) nega- 
tive MAD to form (c) general-purpose plus-minus MAD. All three are shown in cleared state (i.e., storing a zero). (Source: Stan- 
ford Research Institute.) 
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Fig. 25 —PM-Twistor memory: (a) plastic cards bearing arrays of permanent magnets are (b) inserted in a Twistor-solenoid matrix 
where (c) individual magnets serve to inhibit certain bit locations from being switched when a given “word” is interrogated. (d) 
Chain of small magnets shows a more pronounced local effect than single magnets used as bit inhibitors. (Source: Bell Tele- 


phone Laboratories.) 


opposite polarity, giving rise to their names. In the com- 
bined plus-minus configuration of Fig. 24c, all features of 
both devices are retained. If the information leg c is satu- 
rated downwards, a zero is stored and output results only for 
negative drive current. If c is saturated upward, a one is 
stored and positive drive is required for an output. In the 
combined device, output leg d is widened so flux can be 
switched in that leg by drive current in either direction. 
This also has the effect of restricting the information leg so 
the latter can be driven well into saturation. Legs a and b 
have been slightly widened in the combined device to provide 
flux clipping—the subtraction of a constant amount of flux 
from the transferred level so that spurious inputs will not 
get through. Finally, the horizontal legs were widened to 
ensure that all legs were saturated during “clearing”. 
PM—‘‘Twistor’’ Memory. Arrays of small permanent 
magnets mounted on plastic “cards” (Fig. 25) carry the 
information in a unique memory arrangement (analogous 
to the punched cards and card reader of a numerically 
controlled machine tool) demonstrated by Bell Labs at the 
companion exhibit to the conference. The solid-state “card 
reader,” a portion of which is shown schematically in Fig. 
25c, is actually a “word-select” matrix of “twistors” (con- 
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ductors surrounded by a helical wrap of Permalloy tape) 
and flat copper solenoids. Twenty six twistors encased in a 
flexible plastic tape are threaded through the 32 solenoids 
making up each of the 16 layers of the complete matrix. 
Each solenoid surrounds a word location (selected by coin- 
cidence of X and Y currents) of 26 bits. Information is in- 
serted in the memory by sliding a plastic card into each 
horizontal layer of the matrix assembly. 

Operation is as follows: when a word location is selected, 
current flows through the appropriate solenoid to cause 
flux changes in the sections of the helically wrapped wires 
adjacent to the solenoid. This flux change causes a change 
in output voltage of each wire. When the permanent magnet 
card is in place, however, no flux change will take place at 
any bit locations for which there is a magnet on the card. 
The magnet, instead, inhibits any flux change by saturating 
the bit location in opposition to the solenoid drive. 

The permanent magnets were found to be one of the 
primary limiting factors on how compact the memory could 
be made. Each bit location has to be spaced sufficiently 
that the magnets will not affect other locations. For the 
magnets initially used, sheets of Vicalloy I were heat 
treated to develop B, == 5000 gauss and H, == 200 oersteds, 
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Fig. 26 — Ultrasonic method of magnetic field measurement in 
confined spaces. (Source: Westinghouse Materials Engineering.) 


then bonded to plastic boards. The Vicalloy sheets were 
then photo-etched to leave individual bar magnets 20 x 60 x 
2 mil thick, magnetized in the long direction. With matrix 
dimensions of 100 mils between wires, 46 in. 
solenoids, and 0.006 in. 


between 
magnet-to-wire, the magnets were 
found to exert 20 oersteds on their respective bit locations 
and only 1 oersted on neighboring bits. 

Subsequent search for an even more localized magnet ar- 
(to achieve greater compactness) led H. L. 
Stadler to consider replacing the single bar magnet with a 
chain of smaller magnets. For comparison with Vicalloy 
single magnets, a chain of four barium ferrite magnets 
(B, == 2250 gauss, H, = 1500 oersteds), each 0.013 x 0.013 
x 0.0025 in. thick, 
between each pair. Figure 25d shows that the chain has a 
much more localized effect than a “strong” Vicalloy magnet 
while exerting greater mmf on the actual bit location than 
the “weak” Vicalloy magnet. Next step before adopting the 
magnet-chain effect is to weaken the local effect of the chain 
to the level of the weak magnet (which is sufficient to in- 
hibit a bit) and see if the field of the chain is localized 
enough to permit compacting the matrix. 


rangement 


was prepared with 0.013 in. spacings 


Instrumentation Devices 


Ultrasonic Fluxmeter. One of the basic limitations of all 
magnetic-field measuring devices is their minimum resolving 
capability—the minimum area which can be sampled or 
the minimum air gap into which the sampling element can 
be inserted. For rotating-coil instruments the minimum gap 
is '4 in. and the minimum sampling area about 1.2 * 10° 
sq in. Hall generator probes with 3.2 & 10° sq in. sampling 
area are commercially available to fit 0.011 in. air gaps. By 
using an ultrasonic transducer to vibrate a small pickup in 
the field to be measured (in terms of the voltage induced 
in the pickup), R. J. Radus of Westinghouse Materials 
Engineering Depts. was able to resolve measurements to a 
sample area of 6.25 10° sq in. and a gap of 0.017 in. 
The pickup is a single turn, %4e¢-in. long, of No. 34 copper 
wire with its lead wires glued to the flat side of a 1-% in. 
long, %e in. wide, 0.01 in. thick probe as shown in Fig. 26. 
The probe is fastened to an exponential horn which couples 
to and amplifies the output of a magnetostrictive transducer 
assembled from available 60-kc laminations. 

Operating point was determined by reducing power input 
until available cements could hold the pickup loop securely 
to the probe—about 6 watts, at which level the pickup 
vibrated +0.00005 in. to describe a sample area of 0.0625 x 
0.0001, or 6.25 x 10° sq in. Sensitivity, based on 50 my 
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peak output for 5000 gauss, is 0.01 mv/gauss. A stronger 
bond would permit a higher ratio. For maximum accuracy 
the voltage and frequency of the drive must be held con- 
stant; also, any voltages induced in the lead wires must be 
cancelled out. At present, the overall full-scale accuracy for 
a direct-reading fluxmeter of this kind is about 5 per cent. 
With careful control, however, accuracy of the probe output 
could be kept within 0.5 per cent. 

Inverse- Wiedemann Torque Measurements. When torque is 
applied to a ferromagnetic rod or tube in the presence of an 
applied magnetic field, the direction of the induced magnet- 
ization with respect to the applied field can shift as a 
measure of the induced strain. This inverse-Wiedemann 
effect, as it is called, has been known for nearly 80 years. 
Until recently, however, it was sparingly applied. In recent 
years it has formed the basis of computer memory elements 
(e.g., certain versions of the Bell Labs “Twistor”—see p 
163), electromechanical filters, and force- and torque- 
measurement devices. 

Typical of the latter is an air-flow (drag) sensor, de- 
veloped by J. N. Van Scoyoc of Armour Research Founda- 
tion, which uses a 0.014 in. diam iron-alloy wire as a 
torsional magnetostriction element with torque applied by 
a vane of 0.002-in. brass shim stock “46 by 34 in. in area. 
An alternating current is passed along the wire to establish 
a circumferential field. When torque is applied to the rod, 
the flux is skewed to a helical path and a solenoid coil over 
the rod transforms the axial component of the skewed 
flux to an output voltage proportional to applied torque 
phase-reversible with torque direction. Useful signals can 
be obtained from deflections of only a few seconds of arc. 
Linearity and repeatability of 0.1 per cent were obtained on 
some designs. 
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Fig. 27 — Calculated transfer characteristic for a torqued ferro- 
magnetic rod with axial current. (Source: Armour Research 
Foundation.) 
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The lack ot a proven design procedure for the drag sen- 
sor or similar torque-sensing devices led J. A. Granath, 
also of ARF, to develop a design guide from the basic theory 
in the form of a transfer characteristic (Fig. 27) to which 
a designer could apply the scale factors appropriate to the 
particular case. 

The effects of applied stress and an applied magnetic 
field on a magnetic particle can be described generally as 
s 3 x9 
W, 9 Ay o sin” 0 
where W, is magnetic strain energy, \, is magnetostriction 
expanse between demagnetized and saturated cases, o == 


tensile stress, @ == angle between direction of stress and 
magnetic field. Then 


Wy = —HI, cosa 


where W,, is the energy induced by the applied field; H is 
the magnetic field, J, is the saturation intensity of mag- 
netization, and « the angle between H and J. Using the 
hypothesis that total energy in the rod will be a minimum 
when magnetomechanical and electromagnetic transients 
have expired, 


dw, | dWy 
d@ dé 


—2H1, sin a 
3A, sin 26 


Since o is applied at 45 deg to both the shaft axis and 
the circumferential field, a + @ = 45 deg = 8,, so 


—2HI, sina 


(gee 


3A, cos 2a 


Then, substituting J,, and \,, (as the maximum values for 
given operating conditions), the coefficient becomes 
—2HI,,/3\», which can be considered a constant, K,. 


Equating the above to the stress at the surface of a torqued 
rod: 


K sin ae 16T 
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From the elementary transformer equation, the voltage 


induced in the coil (Fig. 27) due to the axial component 
I, sin @ is: 


E, = 4.44 FNAI,, sina = K; sina 


where F is the excitation frequency, NV the number of turns, 
and A the cross-section area of the solid rod. 

Coefficients K,, K., K, are linear scale factors to be ap- 
plied to the proper axis of Fig. 27. They can be determined 
by simple standard tests on rod samples of various mate- 
rials. Then, rod diameters, excitation frequency, or coil 
turns can be adjusted to give the open-circuit torque-to-signal 
relationship desired. This procedure neglects the hysteresis 
of anisotropic materials and the effects of nonlinearities in 
the material. The latter show up as distortion of output wave 
forms. 

Rictometer Compass Calibrator. Calibrating the direction 
sensor of a remote-indicating compass system such as is 
used in most aircraft can be a difficult task by conventional 
methods. This requires two pairs of Helmholz coils which 
must both (1) simulate the horizontal and vertical com- 
ponents of the earth’s field through which the compass 
transmitter must be rotated during calibration, and (2) 
compensate for the magnetic fields produced by nearby 
electrical equipment or moving masses of metal such as 
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automobiles. Multiple average readings are required; 15 to 
30 min (of time) to calibrate a single compass point are 
often needed. While this may be satisfactory lab procedure, 
it is not particularly desirable for production or maintenance 
calibration. 

An inexpensive method requiring only 2 min per compass 
point, developed by L. I. Mendelsohn for the GE Instrument 
Dept., creates a magnetic-disturbance-free version of the 


Compass transmitter 


Fig. 28 — Cutaway sketch of rictometer assembly for calibrating 
remote compass sensing elements. High permeability shields, 
M, minimize external field effects on compass under test. In- 
ternal coils create vertical and variable-direction horizontal 
fields required to simulate the earth’s magnetic field. (Source: 
General Electric Instrument Dept.) 


earth’s magnetic field on a shielded device called a rictom- 
eter, Fig. 28. Four concentric layers (inner and outer 
layers are structural, the two inner layers, M, are high- 
permeability shields of Mumetal or Hymu 80) surround 
three pairs of small Helmholz coils. The shielding reduces 
the earth’s external horizontal field component from 200 
milligauss to % of a milligauss (equivalent to the earth’s 
field estimated at 35,000 miles) with no current applied to 
the internal coils. The earth’s vertical field has a somewhat 
greater internal effect than the horizontal component, but 
the compass sensing element is pendulously mounted so 
that vertical magnetic fields have only a second-order effect. 
The horizontal pair of coils is used to simulate the vertical 
component of the earth’s field. The two vertical pairs restore 
the horizontal component. By controlling the amount and 
direction of the currents applied to the vertical coils, the 
internal horizontal field can be rotated in known increments 
through 360 deg with a directional precision of +12 min. 
(of arc). A 50-gauss d-c field impressed on the rictometer 
caused a maximum transmitter calibration change of +0.15 


deg, indicating that the system could be used under extreme- 
ly adverse field conditions. OoO0°O 
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Transistors 
For High Reliability 


The required reliability of present systems 
is placing increasing demands on the re- 
liability of the component parts, whether 
they are capacitors, transformers, or tran- 
sistors. As in all such components, three 
things are of importance in achieving con- 
fidence in a transistor’s reliability: de- 
sign, workmanship and application. The 
achievement of confidence at a reasonable 
cost of time, money and performance is 
the concern of the designer in the manu- 


facturer’s plant as well as in the user’s. 


C. H. ZIERDT, JR., Consulting Engineer 
Semiconductor Products Department 
GenerRaAL Evectric COMPANY 

Syracuse, New York 


IT IS ENTIRELY POSSIBLE that, in the near future, transistor 
reliability of 99.999 per cent will be achieved. The sup- 
position will become a fact, of course, only with de- 
termination on the part of the manufacturer and with 
acceptance by the user of the fact that reliability of this 
high order must be paid for in one way or another. 
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Despite the paradox involved in discussing reliability 
in terms of failure, it is well to demonstrate first the 
nature of the failure patterns of transistors, as established 
by accelerated tests conducted on production lots before 
shipment and by engineering records of various investi- 
gations over the past 5 years. For the purposes of this 
article, failure (which has as many definitions as there 
are transistor applications) is arbitrarily defined in con- 
nection with each discussion, where applicable. 

Figure 1 is a generalized failure-rate pattern derived 
from test data, with the known contributing factors asso- 
ciated with each discrete segment of the curve labeled 
and the segments given titles for further reference. The 
curve is intended to represent the fate of a large, homo- 
geneous group of transistors while in operation, without 
replacement of failures. 

During the early failure phase, failures are primarily 
mechanical in nature, consisting of open connections. A 
second portion of the early failures is electrically “catas- 
trophic” in the form of burnout shorts and opens, usually 
under “power-on” cycling. These have been traced to 
thermal runway induced by poor thermal-transfer paths 
or by sudden reverse current increases of unknown origin 
and have occurred in life-test racks which have stiff 
collector voltage sources with essentially zero series 
resistance. The strong influence of workmanship on this 
phase is self-evident, as is the role of the mechanical 
design in making good permanent connections readily 
attainable. The magnitude of the application influence 
during this period is determined by the applied stress 
levels, with violent excursions of internal part temperature 
(caused by high power dissipation) and shock and vibra- 
tion inducing higher initial failure rates. 
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Failure rate, per cent hr 


Higher stresses do serve a purpose by accelerating 
failure and thus shortening the period during which the 
early failures occur. We may, therefore, apply high 
stresses with some confidence to weed out these early 
failures and approach a more nearly constant failure 
rate before installation of transistors in equipment. Well- 
made units should undergo negligible loss of life poten- 
tial when so exposed for brief periods. In fact, many of 
the better products on today’s market have been aged 
or “burned in” by the manufacturer to weed out most 
of the early failures and approach a constant failure rate. 

The portion of the curve labeled “constant random- 
failure rate” is the most difficult to analyze at present, 
primarily because its low failure level cannot be esti- 
mated with confidence based on the relatively small 
number of samples tested to date on the more recent 
transistor designs. Only during the last two years have 
sufficient units of one design been manufactured to 
yield data from reasonably homogeneous long-term ac- 
cumulations of samples. The total quantities tested are 
not large enough yet to give a clear picture of the con- 
stant failure rate to be expected. Analyses to date show 
that housing leaks are major contributors to failure in 
this period, as is thermal fatigue of solder joints. One 
would expect that both of these factors would be more 
apparent under the alternating hot-cold stress cycles 
of power-on, power-off operation, and this is borne 
out by most of the tests. High-temperature storage does 
not produce random failure rates as high as those en- 


Workmanship 
Leaks 
Surface cleaning 


Joints and connections 


Design 


countered in cycling operation. However, the degradation 
rate of the electrical characteristics is higher under the 
continuous stress of high-level storage. It has been found 
that it is not possible to operate cycled power tests at 
junction temperatures as high as those permissible for 
storage tests because of thermal runaway conditions. 

The table (next page) shows the failure rates for 
a recent 1000-hr acceptance test on 1500 sample tran- 
sistors, representing 7 weeks’ production of the type. 

The test was run at 100 per cent of published maximum 
power rating, in cycled operation at 83 per cent duty 
cycle. Both a small early failure pattern and a period 
of substantially constant or slightly decreasing failure 
rate are readily seen in these data. The onset of degrada- 
tion is not yet in evidence and should not be seen for 
several thousand hours. The failure rates shown are 
consistent with previous experience for the type at the 
maximum rated power levels. Lower failure rates may 
be expected at lower stress levels. A 100-unit test (of 
admittedly small significance) at one-half rated power, 
on the same type, has yielded an accumulated total failure 
of 1 per cent (1 unit) in 4000 hr (failure detected at 
3000 hr). 

The peculiar shape of the degradation-failure portion 
of Fig. 1 is due to the slow degradation of units with 
increasing time. This is shown also in Fig. 2. The unor- 
thodox superimposition of distribution curves on the 
graph helps to illustrate the point. It is evident that, 
when the highest-value unit reaches the circuit design 
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Fig. 1—Generalized transistor failure-rate pattern with major influencing factors. 
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Transistor Failure Rates, 1000-Hour Acceptance Test 


Type of failure Failure definition* 





Icso > 6 times initial 

hrg < \ initial open circuit 
Icso > 2 times initial 

hrg < % initial 


Catastrophic (per period) 
Out-of-limits (per period) 


Total failures per period 


Per cent failure at 


750 hr | 1000 hr 


500 hr 


0 hr 250 hr 


| 
| 


0 


0 
0 





Accumufated total failures 


*Jcno = collector current when collector is biased in reverse with respect to 


reference electrode and the other electrode is open-circuited to the 


reference 


limit value of J¢go, the first degradation failure will occur. 
This is followed by an increasing failure rate as more of 
the J, distribution reaches the design limit value. After 
the median-value unit reaches the design limit, the failure 
rate decreases. These phenomena have been observed in 
an impressive number of test lots, under accelerated 
conditions. The constant random-failure rate can be 
expected to continue during the degradation failure 
period, contributing a bias to the latter curve. 

The increase of J¢zo with time is traced by experiment 
to the presence of ionizable contaminants on the transistor 
surface, and to the presence of water vapor (which would 
be expected to facilitate ionization and ion movement) 
in the housing. For any given combination of these 
variables, the slope of the /¢go increase will be greater 
for higher junction temperatures. Based on limited obser- 
vation, it is felt that the factor governing this increase 
closely follows the old chemical rule of thumb which 
states that the rate of reaction doubles for every 10 deg C 
increase in temperature. The slope of the J¢go increase 
with time should (and does) therefore approximately 
double for a 10-deg increase in junction temperature. 

The Jezo pattern of Fig. 3 illustrates this point. It is 
observed that, in 135 C storage, more than half of the 
starting units have exceeded 100 pamp at 19,000 hr 
(the initial phase of degradation failure), and the re- 
maining units are fairly stable to 29,000 hr. On the 
other hand, the units stored at 100 C have undergone 
a much slower change in /og9, with the first unit exceed- 
ing 100 pamp at the 29,000-hr reading (one unit was 
physically lost during the last reading interval). These 
data appear to contradict the opinion that germanium 
alloy transistors will have relatively short life at tem- 
peratures exceeding 85 C. This plot, with others not 
shown here, also lends some validity to the generalized 
linear increase of /¢zo9 values with time, shown in Fig. 2. 
It should be noted, in considering Figs. 1 and 2, that use 
of both high and low design limits for a characteristic 
such as Ay, rather than the single-ended assumption of 
Fig. 2 may alter the form of the failure-rate curve in 
some degree. The time at which degradation failure 
begins, and to some extent the rate at which it progresses 
for a given group of transistors, may be controlled over 
wide limits by the circuit designer with his choice of 
circuit-design limits and operating junction temperature. 
Tight limits and high temperatures will induce early 
circuit failures. 
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hrg = static value of short-circuit forward-current transfer ratio. 
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The ionic nature of the degradation failure mechanism 
would make the value (or presence) of applied voltage 
suspect as a factor in determining the slope of the 
change of characteristics with time. The observations 
presented here do not allow for the presence of voltage 
at junction temperatures (for germanium transistors) 
above 85 C. At temperatures up to 85 C, no effect of 
voltage has been isolated. In fairly recent operating tests 
on silicon transistors at ambient temperatures of 125 
and 150 C, definitely deleterious voltage effects have been 
seen and have been corrected with considerable effort. 

Reduction of Failure Rates. Improvements in work- 
manship, design and application techniques are all im- 
portant to the reduction of transistor failure rates. Work- 
manship in production requires and should receive as- 
siduous policing by quality-control techniques. Such 
methods cannot, of course, be put to work effectively on 
isolated small-lot orders. Continuous production is an 
essential of effective quality control, at whatever level 
it may be established. The unreliability of weeding or 
sorting out procedures to assure quality from spotty or 
low-grade workmanship is a well-known fact. 

Dramatic improvements have been made in design 
areas. “Fixed-bed” or ceramic-plate mounting has im- 
proved the ruggedness of the chronically tender grown- 
junction devices. Thermal-cycling fatigue of solder joints 
has not received great publicity to date, but it is a dis- 
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Fig. 2—Generalized transistor degradation pattern. 
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tinct long-term reliability factor which is prominent in 
large-area devices. Such fatigue arises from the alternat- 
ing shear stresses set up in solder layers which join 
metals having dissimilar thermal expansion coefficients 
when the units are thermally cycled. Sandwich assemblies 
of early materials, 0.5 x 0.5 cm in flat dimensions, have 
been observed to open-circuit from solder fatigue after 
less than 50 on-off cycles at maximum dissipation rating. 
The solution to this problem takes the form of additional 
sandwich layers of very strong metals, so chosen that 
their thermal expansion coefficients prevent bi-metallic 
distortion while allowing fatigue-free hard solders to be 
used. Such assemblies resist at least hundreds of thou- 
sands of on-off cycles and cost from 114 to 2 times as 
much as the simpler soft-solder versions which are more 
prone to fatigue. 

Atmosphere-control experiments have convinced de- 
signers of the value of “gettering’” elements to assure 
long-term electrical characteristic stability, with the most 
marked improvement seen at high temperatures. This is 
natural since one expects the slopes of characteristic 
changes to be accelerated at higher temperatures. Mass 
spectrometer testing indicates the impracticability of 
completely removing water vapor from transistors before 
sealing by heat-vacuum cycles alone. The temperatures 
required to permit realistic time cycles of less than a 
week’s duration exceed the melting points of many de- 
vice constituents (particularly solder). 

While silicon devices may be out-gassed at higher 
temperatures than germanium (and therefore dried 
better), their higher operating temperatures increase 
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ionization problems and require still lower water-vapor 
levels for good long-term stability. In some devices oxy- 
gen and other gases are also contaminants which ad- 
versely affect electrical characteristics, but not necessarily 
stability. Getters have therefore been applied to transistors 
for the same purpose that they serve in electron tubes— 
namely, the sorption of harmful residual gases and vapors 
unavoidably bottled up inside transistors at sealing time. 
Getters of different types are used for various transistor 
types to satisfy the particular surface needs of each. 

The old saying in the semiconductor industry that “a 
little moisture helps electrical characteristics” is, un- 
fortunately, 98 per cent correct so far as initial charac- 
teristics go. Junction reverse currents usually decrease 
and transistor current gains increase in the presence of 
small amounts of water vapor at room temperature. The 
undesirable opposite effects are seen in extremely dry 
devices. The good characteristics in the presence of 
water vapor are short-lived, however, since they are sub- 
ject to violent fluctuations as the vapor in the sealed 
housing moves about with temperature changes. They 
are also subject to more rapid degradation from ionic 
processes than are those in dry devices. It has been found 
that junction coatings (greases, oils, varnishes and resins) 
may slow these processes somewhat, but they do not affect 
the final result in the least since none of them is imper- 
vious to water vapor. In fact, their use severely limits 
the utility of some common leak-test methods by retarding 
the effect so that it may be missed. 

Figure 4 shows the results of over four years’ testing 
on early units of the 2N40 series of germanium alloy 
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‘ig. 3—Failures noted in storage test (non-operating) at two different temperatures on GE Type 2N40 transistors. 
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Fig. 4—Results of test on 19 2N40 transistors in operating life test at 150 milliwatts in 1954, Test conducted at 83 per cent duty 


cycle, 20 volts, 7.5 milliamp. 
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Fig. 5—Same test as shown in Fig. 4 after 1 year’s development. 
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Fig. 6—Non-operating storage test of 80 2N40 transistors at 
135 C. Continued development over 3 years, with introduction 
of “getter,” has improved characteristics. 


transistors. The operating condition results in a junction 
temperature of about 70 C. After a quite steady early 


fallout rate (shown by arrows) which has now stopped, 


the remaining units are on a visibly slow degradation 
slope of Jepzo. The early failures were analyzed and 
traced to housing leaks in all but one case. In all cases 
the transistors which failed recovered to very nearly 
their original characteristics upon opening the units and 
recleaning their surfaces. 

In Fig. 5 are the results of a year’s process improve- 
ment on the same product. The early failure rate under 
the same conditions has been brought to zero for this 
small sample, while degradation is proceeding at a 
slightly lower rate than in the units of Fig. 4. Any 
reasonably designed circuit should still be working after 
29,000 hr with these transistors operating (at maximum 
dissipation rating) in it. 

The results of three years of development on the 2N40 
are shown in Fig. 6 after introduction of a “getter” to 
yield still better characteristic stability. The test condi- 
tion is now 135 C storage, since an operating test at 
70 C junction temperature would yield no information 
from these units during the relatively short 2500-hr 
test. The median deviations shown are within possible 
reading errors. No trend of characteristic degradation 
can be seen in 2500 hr under this accelerated condition, 
leaving us with high confidence in this product's 
stability for longer periods when used within its 100 C 
storage rating. As a reference point, had the ungettered 
transistors of Fig. 5 been stored at 135 C, more than 


70 


half would have had J¢yo increases to 100 pamp within 
the first 125 hr of test. This was proved on a parallel 
lot in 1955 and has been verified many times since. 

In the interest of reliability, therefore, it is general 
practice to use getters on uncoated junctions when 
mechanical considerations permit. Coatings have been 
legitimately applied to some devices to increase their me- 
chanical strength and thus improve overall reliability. 
Alloy germanium products so treated may be expected 
to have higher J¢go and lower hrg levels than devices 
with other surface treatments. In addition to the stability 
gained, well-cleaned, dry products generally have ex- 
tremely low flicker (0 to 10 kc) noise figures. Median 
values of 2-3 db and maximums of 6 to 7 are common. 

One very important “design-for-reliability” considera- 
tion is the type of hermetic seal used. The matched oxide- 
bonded hard-glass seal is generally thought to be the 
best since it remains hermetic over a wider temperature 
range than any other commonly used seal and is more 
resistant to thermal shock. Although such seals are more 
expensive, they justify their cost when reliability is a 
prime consideration. In combination with welded metal- 
to-metal joints, they offer the best seal available today. 
Compression-type seals, which depend on the thermal 
shrinking of a heavy metal plate around a glass bead, 
are particularly vulnerable to loss of the seal at high 
temperatures. Other available seals also display this 
characteristic to a lesser degree. 

Any lot of hermetically sealed products contains a 
range of leaks, in individual units, varying in size from 
large to undetectable. The size and number of leaks may 
be controlled by careful workmanship and conservative 
design, but leaks cannot be eliminated entirely by any 
means known today. The best that can be done, therefore, 
is to detect and eliminate the larger leaks so that the 
product remaining will be sufficiently reliable to serve 
its purpose. In general, the removal of leaks at rates 
greater than an estimated 10° cc per sec (standard air) 
will give excellent product life for at least 1000 hr. A 
leak of 10° cc per sec will give similar results for a 
minimum of 10,000 hr. Most highly reliable semicon- 
ductor products made today are 100 per cent leak tested 
in production by methods varying in sensitivity from 107 
to 10°" cc per sec. 

The sensitivity of the leak-test methods which depend 
on forcing a fluid into a sealed housing and detecting its 
presence therein generally depends on the equation 
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Q = K(p,*—p,*)t 
where 
-amount of fluid in housing 
=external pressure 
internal pressure 
time 
constant including fluid viscosity, leak size, etc. 


Thus, Q can represent the sensitivity of the test if K 
includes the detector sensitivity. The most sensitive 
method available uses radioactive gas as the test fluid 
and has a usable leak rate limit of about 10°’ ce per sec 
when carefully interpreted. Pressure tests using water 
plus wetting and/or junction poisoning agents as the test 
fluid and the device junction as the detector have been 
correlated on a small scale with the radioactive gas 
method and appear to have a usable sensitivity near 10™'! 
cc per sec. These water-pressure methods are most com- 
monly used today. When the water-pressure methods are 
used on devices which are gettered to remove water vapor, 
the test pressure and/or time must be increased to obtain 
equal sensitivity. General Electric currently uses a water- 
pressure test with a sensitivity near 10°! ce per sec on 
all transistors before shipment with leak-test shrinkage 
averaging about 0.25 per cent. 

Figure 7 shows a typical test chart used to prove per- 
formance of each lot of product manufactured. The 
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sampling levels and acceptable quality levels (AQL) may 
vary somewhat from product to product. Lots are chosen 
on the basis of time of production, since it is believed 
that workmanship is the largest single variable affecting 
reliability. Material lots may also be correlated with 
respect to time in those cases where material may be a 
reliability variable. 

In considering the typical AQL’s and sampling levels 
of Fig. 7, it should be kept in mind that the purpose of 
this testing is to assure a high minimum level of product 
quality at reasonable testing cost and with a minimum 
of delay in shipping. As such, the tests must be con- 
ducted at stress levels which induce some failure so that 
the maximum of information about the given production 
lot may be obtained. Tests conducted at lower levels (and 
therefore lower failure rates) for the same periods of 
time would yield more attractive failure-rate figures, but 
much less information about the product quality when 
economically feasible sample sizes are tested. 

The Cost of Confidence. The desire for complete 
confidence that transistor failure rates will not exceed 
0.01 or 0.001 per cent per 1000 hr is naturally, if not 
simply, derived from specified or desired equipment 
failure rates. Obtaining such confidence for a wide range 
of applications covering a wide range of time spans and 
using every conceivable combination of temperature, dis- 
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Chart showing quality-assurance procedure in testing transistors. 
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sipation, voltage, current, and mechanical stresses is a 
firm objective of most major transistor users. The cost 
of this confidence is great, however. It involves, first of 
all, actual money. It is estimated that the cost of assessing 
the reliability of a single type over a modest range of 
use conditions for 5000 hr and with a sample size capable 
of demonstrating a failure rate of 0.01 per cent per 1000 
hr is near $1,200,000. Such a test may need to be run 
only once for a type, but the sample sizes required for 
accelerated acceptance tests are still large enough to in- 
crease transistor cost by an estimated 3 times. 

Time is also a factor in obtaining confidence. It is not 
worthwhile to expend a large sum in assessing a product 
which has not been in substantial production for at least 
a year since process changes may invalidate the test 
before its completion. In addition, several months are 
required to put into effect production-line quality-control 
techniques sufficient to insure high reliability. A year 
(8000 hr) may also be consumed in testing and evaluat- 
ing data. Thus it is reasonable to expect a time delay of 
214 to 3 years before confidence in an extremely low 
failure rate can be obtained. 

With this delay in time, the user may expect to receive 
a transistor which is proved in performance, but which 
is of a design which is 2 to 3 years old, a relatively long 
time in the rapidly moving semiconductor field. 

To reduce the cost of confidence, it is necessary to 
look for any conceivable method or device which may 
reduce the cost and complexity of obtaining, with good 
confidence, evidence that the desired failure rates have 
been achieved. There are five possibilities: 


(1) Accepting lower confidence levels. Since this pos- 
sibility is, at first glance, unacceptable, it is necessary to 
consider compromises. One compromise is to reduce the 
sampling size for isolated lot testing. This is not par- 
ticularly constructive, since it reduces the confidence 
and the cost but offers no benefits. A second compromise 
is the use of probability of lot acceptance factors in 
sampling plans. It is well known that, in order to have 
a large percentage of submitted lots accepted under a 
given sampling plan, the process average quality must be 
considerably better than a specified sampling plan test 
on a single lot can estimate. To have 95 per cent of 
submitted lots accepted, for instance, the process average 
quality must be from 50 to 100 times (depending on the 
sampling plan) better than a single test can estimate. 

The theory may be turned around if it is noted that, 
if 95 per cent of submitted lots is being accepted, the 
process average quality must be 50 to 100 times better 
than a single test can estimate. It further appears feasible 
to say that a considerably smaller sample size may be 
used to estimate that the process average quality is at a 
desired level if 95 per cent of submitted lots is being 
accepted. Applying this hypothesis to the instance stated 
above, for a single test (230,000 units tested for 1000 
hr with zero failures is equivalent to, or less than, a 
failure rate of 0.001 per cent per 1000 hr) one could 
test successive samples of 2300 transistors each for 1000 
hr with no failures and conclude that, if 95 per cent of 
samples pass this test on the average, the process average 
failure rate must be less than 0.001 per cent per 1000 hr. 
What we give up to get this sample-size reduction is 
our assurance that any particular lot will have less than 
0.001 per cent per 1000 hr failure rate. A lot with a 
failure rate almost as great as 0.1 per cent per 1000 hr 
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could be accepted occasionally without our knowing it. 
The process average quality would, however, be the de- 
sired failure rate as long as 95 per cent of the lots 
continued to be accepted. Without detailed analysis, this 
appears to be a way of trading a modest loss in con- 
fidence for a large gain in testing cost. 

To be practical, it should be noted that this proposal 
requires sampling of continuous production at a relatively 
high rate. To justify such a production rate and testing 
program for a transistor type, it has been suggested that 
means be devised for pooling of orders from customers 
who require extreme reliability. 


(2) Establishing correlated accelerated tests (and/or 
derating factors). This could be used to reduce sample 
sizes to those required to detect changes in high failure 
rates induced by accelerated tests in place of the large 
samples required to prove the low failure rates expected 
in normal tests. Considerable time delay can be expected, 
however, in generating the required confidence in the 
validity of the accelerated tests. 


(3) Reducing the number of tests made on each unit 
of a sample. This is both a cost-reducing and an ac- 
curacy-improving proposal. It asks that the number of 
measurements required to be made on a sample during 
the course of acceptance tests be minimized by any means 
possible and that types of measurement be the simplest 
and the most accurate. 


(4) Chain sampling. This principle, which has already 
been applied in a proposed high-reliability capacitor 
specification, minimizes required sample size by accumu- 
lating samples as production continues. Sampling is large 
initially and decreases with continued good performance. 
This proposal has many of the same aspects as the second 
compromise under (1) above and similarly requires that 
production be continuous and at a relatively high level. 


(5) Assessment by variables rather than by attributes. 
The sample-size reductions made possible by this method 
are well-known. Its chief drawback is the requirement 
that actual characteristic values be measured and re- 
corded instead of the go-no-go measurement possibility 
of attributes testing. It is probable that a cost benefit 
may be realized from this approach and it might also be 
combined with certain of the other proposals above to 
increase their benefits. Variables assessment must be 
used exclusively, however, to obtain these benefits. 
Several recent proposals combine variables measure- 
ment (to determine the degradation rate of the product) 
with attribute assessment (for acceptance/rejection pur- 
poses). These proposals increase rather than decrease 
testing cost, as sample sizes are not reduced while 
measurements are made more expensive. 


Conclusion. This article is presented with the hope 
that it may stimulate action concerning the common aim 
of improving transistor reliability, although many of 
the points brought out are equally applicable to other 
components. It may also serve to emphasize the high 
direct and indirect costs involved in establishing and 
maintaining high reliability confidence levels. Failure 
to recognize and to devise means of meeting these costs 
will delay the fulfillment of the reliability requirements 
which are desired by designers both of the components 
and the equipment in which they are used. Oooo 
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Specification Standards Proposed 
For Flow-Control Servovalves 
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Hundreds of different models of electrohydraulic servo- 


valves have become available to the system designer. But 


there has been no effective common basis for evaluating 


individual valve designs other than by “living with 


them.” Reported here is an important initial step toward 


meaningful communication between system designer 


and valve manufacturer now being proposed in the AIEE, 


At THE 1959 AIEE Winter Meeting in New York City, 
Dr. John E. Gibson of Purdue University presented a 
preliminary draft of a proposed AIEE Standard for 
Electrohydraulic Transfer Valves (AIEE Paper 59-351) 
under the auspices of the Subcommittee on Component 
Specifications of the AIEE Feedback Control Systems 
Committee. Dr. Gibson’s paper was widely distributed 
both to those interested in the application and use of 
servovalves and to those concerned with their manu- 
facture. The comments received confirmed the need for 
a standard, but revealed major differences of opinion 
as to the purpose and scope of such a standard. 

Some felt standard specifications outlining specific 
performance requirements should be prepared. This 
approach was complicated, however, by the hundreds 
of different servovalve models being produced to meet 
the diverse design requirements of applications ranging 
from machine tools, to manned aircraft, to space vehicles. 

Others favored specification standards detailing how 
a valve should be specified and its performance meas- 
ured. This was the approach adopted in a second version 
drafted for the Subcommittee by W. J. Thayer of Moog 
Servocontrols, Inc., presented before the AIEE Control 
System Components Conference in Dallas, November 
1959 and subsequently submitted for consideration as 
an AIEE standard. In Mr. Thayer’s paper, the original 
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proposal has been narrowed to cover specification stan- 
dards for flow-control servovalves only and recast to 
emphasize (1) rigorous definitions of terms, (2) recom- 
mended contents for a flow-control servovalve specifi- 
cation, and (3) unambiguous test procedures intended 
to assure uniformity of performance data from both 
manufacturers and users. 

In the following digest of the proposed specification 
standards (as in the full report) there is much tutorial 
commentary interweaved with the “shalls” and “musts”. 
This is particularly true of sections 1.0 (Scope), 3.1.1.1 
(Design) and 3.1.1.2 (Control Size). The reader may 
find that reading these sections first is helpful in orient- 
ing himself to the problem. 

These specifications attempt to establish a definition 
for the servovalve as a component. This definition en- 
compasses not only the mechanical, electrical and hy- 
draulic descriptions of what the valve is, but also the 
performance specifications which tell what the valve will 
do under explicitly defined input, output and environ- 
mental conditions. As most valves are seriously influ- 
enced by changes in operational conditions, a section 
on recommended test procedures (omitted from the 
digest*) defines explicit test techniques and equipment 
set-ups to insure uniformity of test results. 


* For a copy of the complete report, write W. J. Thayer, Moog Servocontrols, 
Inc., East Aurora, N.Y. 
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(Digest of) Proposed AIEE Specification Standards 
For Electrohydraulic Flow-Control Servovalves 


1.0 SCOPE 


These recommendations are intended to conform, wherever 
applicable, with comparable military specifications and 
standards proposed by SAE-A6 Committee for Electrohy- 
draulic Servovalves.* 

Flow-control servovalves are the most widely used control 
means for electrohydraulic servomechanisms. Other basic 
valve types, such as pressure control, pressure feedback 
flow control, and time modulated input valves are used for 
specialized control applications and so will not be covered 
at this time. 

The recommended specifications tell what parameters are 
significant for evaluating a servovalve, rather that state 
specific numerical requirements. By this approach, valve 


manufacturers are left reasonable design flexibility to per- 
mit and encourage optimum designs for specific applications. 
Certainly the physical and performance characteristics dic- 
tated by different systems and different environments require 
a diversity of design emphasis. It is well recognized that 
certain valve characteristics can often be improved, but 
usually at the expense of others (including cost). 

The emphasis in this proposed standard is on how a valve 
should be specified, and how the performance of a valve 
should be measured to achieve consistent and meaningful 
data. 


* Society of Automotive Engineers, Report ARP 490, dated 7-15-58. Military 
Specification MIL-V-27162, dated 10-6-59. 


2.0 DEFINITIONS 


2.1 General Terminology 


2.1.1 Closed-Loop Control System. An 
control system in which the 
system input is compared with a measure- 
ment of the system output, and the re- 
sultant error signal used to drive the 


automat 


system toward the desired output. 


21.2 Servomechanism. A_ continuously 
acting, bidirectional closed-loop control 


system 


2.1.3 Servovalve. A device used to pro- 
duce hydraulic control in a servomechan- 


ism 


2.1.3.1 Electrohydraulic Servovalve. A servo- 
valve which produces hydraulic control in 
response to electrical signal inputs. 


21.3.2 Electrohydraulic Flow-Control Serv- 
ovalve. A servovalve designed to produce 
hydraulic flow output proportional to elec- 
trical current input. 


2.1.4 Transfer Function. The complex 
ratio of output/input of a device or system. 
Also defined (for a time-invariant device) 
as the ratio of the Laplace transform of 
the output to the Laplace transform of 
the input. 


2.2 Servovalve Terminology 


2.2.1 Amplitude Ratio. The ratio of the 
sinusoidal flow amplitude to the sinusoidal 
current amplitude at a particular frequency 
divided by the same ratio at zero or some 
specified low frequency (usually 5 cps). 
Amplitude ratio (AR) may be given in 
decibels (db) where db = 20 logio AR. 
2.2.2 Centering. The act of producing 
servovalve null. (See 2.2.19.) 


2.2.3 Coil Impedance. The complex ratio 
of coil voltage to coil current. Impedance 
can be approximated by the d-c coil re- 
sistance (ohms) and the coil inductance 
(henrys). 


2.2.4 Dither. A low-amplitude, relatively 
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high-frequency, recurrent electrical signal 
sometimes superimposed on the servovalve 
input to improve valve or system resolu- 
tion. Defined by the dither frequency in 
eps and peak-to-peak amplitude in milli- 
amperes (ma) of input current. 


2.2.5 Electrical Input Power. The elec- 
trical power (milliwatts or mw) dissipated 
in the valve coils which is useful in pro 
ducing net flux in the valve motor. (See 
3.2.7.) 


2.2.6 Flow-Force Compensation. A de- 
sign technique for shaping the fluid pas- 
sages about a variable orifice 

reduce flow forces. 


2.2.7 Flow Gain. The change in output 
flow per unit current input (in.3/sec ma). 
Incremental flow gain will vary with the 
magnitude of the signal input and other 
variables. (See 2.2.18.) 


2.28 Flow Linearity. The consistency of 
valve flow gain throughout the full range 
of input with other operational variables 
held constant. Expressed by a plot of 
valve flow vs current input. (See 4.1.1.) 


2.2.9 Flow Saturation. A condition where 
increasing current inputs fail to produce 
proportional increases in the valve flow 
output. 


2.2.10 Flow Symmetry. The degree of 
equality between flow outputs of one direc- 
tion and those of the reversed direction 
produced by changing only the polarity of 
the electrical input. Expressed by a plot 
of flow output vs current input. (See 4.1.1.) 


2.2.11 Four-Way Valve. A_ multi-orifice 
hydraulic control element with supply, 
return and two output ports and arranged 
so that valve action simultaneously opens 
one output port to supply and the second 
to return. Likewise, reversed valve action 
opens the first output port to return and 
the second to supply. 


2.2.12 Frequency Response. The relation- 
ship of output flow at zero load pressure 


drop to input current as the current is 
made to vary sinusoidally over a range of 
frequencies (cps). Frequency response can 
be expressed by the amplitude ratio and 
phase angle. (See 4.2.) 


2.2.13 Gain Compensation. See Load 
Compensation, 2.2.16. 


2.2.14 Hysteresis. The difference in input 
current required to produce the same valve 
output when the valve input is cycled. 
Normally given for the maximum separa- 
tion occurring in a cycle between + rated 
input and expressed as per cent of rated 
current. 


2.2.15 Leakage Flow. See Quiescent Flow, 
2.2.26. 


2.2.16 Load Compensation. A design con- 
dition which yields relatively constant flow 
gain over a wide range of load pressure 
drops. 


2.2.17 Load Pressure Drop. The differen- 
tial pressure between the servovalve output 
or load ports (psi). 


2.2.18 Nominal Flow Gain. The ratio of 
rated flow to rated current (in.3 /sec ma). 


2.2.19 Null. The condition where the valve 
supplies zero load flow at zero load pres- 
sure drop. 


2.2.20 Null Bias Current. The input cur- 
rent (ma) required to bring the valve 
to null under any particular specified 
condition. 


2.2.21 Null Pressure Gain. The change of 
load differential pressure at zero load flow 
with input current, measured at the null 
point -(psi/ma). 


2.2.22 Null Shift. The change in null bias 
current required as a result of a change 
in an operating or environmental condition. 
Expressed as per cent of rated current. 


2.2.23 Output Ports. The hydraulic con- 
nections through which the valve supplies 
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fluid control to the load. Also known as 
the load ports, cylinder ports, piston ports, 
and strut ports. 


2.2.24 Phase Angle. The time differential 
in degrees (at a particular frequency) be- 
tween the sinusoidal flow output and the 
sinusoidal current input. 


2.2.25 Quiescent Current. The zero signal 
input current per coil (ma) for valves with 
differential coil connections. 


2.2.26 Quiescent Flow. The total internal 
valve flow (in.3/sec) from supply to re- 
turn with zero load flow. Quiescent flow 
will vary with input current and is a 
maximum at valve null. 


2.2.27 Rated Current. The specified cur- 
rent increment from null (ma) to produce 
rated flow. For three and four lead coils, 
rated current is the differential coil cur- 
rent. (See 3.2.2.) 


2.2.28 Rated Flow. The specified load flow 
(in.3/sec) for stated conditions of rated 
current and rated valve pressure drop. 


2.2.29 Resolution. The maximum incre- 
ment of input current required to produce 
a change in the valve flow output. Ex- 
pressed as per cent of rated current. This 
maximum increment will occur when re- 
versing the direction of current input, as 
contrasted with a _ so-called minimum 
increment of current required to increase 


the flow in a given direction. 


2.2.30 Three-Way Valve. A multi-orifice 
hydraulic control element with supply, re- 
turn and one output port arranged so that 
valve action in one direction opens the 
output port to supply and reversed valve 
action opens the output port to return. 


2.2.31 Threshold. See Resolution, 2.2.29. 


2.2.32 Valve Pressure Drop. The sum of 
the differential pressures across the valve 
control orifices (psi). Valve pressure drop 
will equal the net supply pressure (supply 
minus return pressures) minus the load 
pressure drop. 


3.0 PHYSICAL SPECIFICATIONS 
3.1 Mechanical 


3.1.1 Functional Classification. Flow-control servovalves can 
be classified by the design principles employed and by their 
hydraulic control capacity, or control size. Adequate written 
material should be available from the manufacturer to de- 
scribe the function of a valve design (operating principles) 
and the hydraulic capabilities of the servovalve. 


3.1.1.1 Design. Design principles for flow-control servovalves 
vary widely, reflecting preferences and experiences of both 
manufacturers and users. A basic distinction is the number 
of stages of hydraulic power amplification within the servo- 
valve. In a single-stage valve, the electromagnetic or motor 
portion of the valve is coupled directly to the hydraulic 
power control stage (usually a sliding spool). In two-stage 
servovalves, an intermediate hydraulic power amplifier is 
interposed between motor and output stage. A moving flapper 
with one or two nozzles, a jet pipe with receivers, or a small 
sliding spool are common intermediate amplifiers. Some 
high-flow-capacity valves use three stages of hydraulic 
amplification. 

Single-stage servovalves often use flow-force compensation 
to reduce the required electrical driving forces. Most multi- 
stage flow-control servovalves utilize some form of internal 
feedback (hydraulic or mechanical) for stabilization of the 
intermediate hydraulic amplifiers. Occasionally, internal 
electrical transducers are included to provide a signal pro- 
portional to valve output; these valves require an external 
servoamplifier to achieve stable flow control. 

Flow-control servovalves are available with both three-way 
and four-way output stages. Three-way valves are normally 
used with single-ended pistons of 2:1 area ratio. Four-way 
valves, which are considerably more common, are usually 
used for double-sided control of pistons or hydraulic motors. 

Another design classification distinguishes wet motor 
valves from dry motor valves (which have motor magnetic 
circuits isolated from fluid-filled areas to prevent the ac- 
cumulation of magnetic contaminant within the valve). Other 
design variations are stale motor construction and dry coil 
construction. In the stale motor design, fluid is dead-ended 
in the motor cavity to reduce flow about the motor. 


3.1.1.2 Control Size. The hydraulic size or power control 
capacity of a servovalve is proportional to the supply pres- 
sure and the maximum flow. Since porting and tubing sizes 
are more dependent upon maximum flow than upon supply 
pressure, valve sizes are normally categorized by flow. 
Two rated flows have significance: (1) the rated flow at 
full valve pressure drop (zero load pressure drop), and (2) 
rated flow with a load pressure drop of two-thirds supply 
pressure. The former rating is significant for sizing tubing 
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and manifolds and, also, for establishing the valve flow gain 
at null (useful for servo stability studies). The rating at 
two-thirds maximum load pressure drop represents the maxi- 
mum load power condition for a given valve orifice opening. 

Rated flow at full valve pressure drop is preferred for 
sizing flow-control servovalves, as shown in Table I. Valve 
manufacturers should, however, make available information 
describing the entire load-flow-pressure characteristic for 
a valve design. (See 4.1.4.) 


3.1.2 Construction and Workmanship. The mechanical design, 
materials and processing, and general workmanship shall be 
compatible with the intended operational, environmental and 
life requirements. 

Military standard AN, NAS or MS parts should be used 
in the servovalve whenever suitable and the applicable 
Military Specifications (MS) should govern the design 
wherever possible. Especially pertinent specifications are 
the following: 


@ All threaded parts and fastenings should be tiewired or 
safetied by the use of self-locking nuts or screws. 

® Retaining rings should not be used in any location where 
failure of the ring would allow blow-apart of the unit due to 
internal hydraulic pressure. 

® All parts subject to disassembly or replacement should be 
completely interchangeable with comparable parts of like servo- 
valves. 

® Materials and finishes in contact with the hydraulic fluid 
shall be selected for fluid compatibility. 

® Cadmium plating should not be used on surfaces in intimate 
contact with the fluid. 


Workmanship and control on production servovalves 
should insure uniform quality and performance from unit 
to unit. Adequate gaging techniques should be utilized to 
maintain the consistency of critical clearances, fits and 
finishes. 


Table I—Recommended Flow Categories (3.1.1.2) 


Flow-control Recommended max 
servovalve type | flow range, cu in/sec 


Approximate max 
flow range, gpm 


0- 25 0 -6% 
10— 50 2%-13 
25-100 614-26 
over 100 over 26 


The tabulation in Fig. 1 gives standard manifold dimensions to mate with valves 
of the types listed above. 
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3.1.3 Installation and Envelope Details. The installation details 
and envelope dimensions should be furnished by the manu- 
facturer and should include: envelope drawing, mounting 
details, mating electrical connector, coil connections, rated 
pressure, rated flow, rated current, nominal coil resistance 
and resistance tolerances, valve polarity, fluid, recommended 
fluid filtration, operating temperature range, identification of 
manifold seals, dry weight. 


3.1.4 Mounting Configuration and Markings. Standard porting 
and mounting configurations recommended for flow control 
servovalves are indicated in Fig. 1. Standard three-way valves 
should use the same porting configurations, except that out- 
put port 2 is eliminated. 

Each port should be legibly identified by markings on the 
sides of the valve using P for pressure supply port, R for 
the return port, 1 and 2 for the output ports. 


3.1.5 Nameplate. A nameplate containing the following infor- 
mation, completely and legibly filled in, should be securely 
attached to each unit: manufacturer’s name, model number, 
serial number, part number. 


3.1.6 Centering Adjustment. If an external centering adjust- 
ment is provided to set the valve null, the adjustment should 
operate smoothly and without difficulty while the valve is 
operating with rated supply pressure. 

Valves supplied without external centering adjustments 
should maintain valve null within the valve hysteresis range 
following exposure to rated operational and environmental 
extremes, 


3.1.7 Lubrication. The fluid being controlled should serve as 
sole and sufficient lubricant for the servovalve. 


3.1.8 Seals. Military standard (MS) seals, selected for com- 
patibility with both the fluid and the anticipated temperature 
operating range, should be used whenever possible within 
the servovalve. Seal sizes and groove dimensions should 
conform as nearly as practicable with accepted military and 
industrial standards. 


3.2 Electrical 


3.2.1 Electrical Connections. The electrical connections for 
a servovalve should be clearly indicated on the installation 
drawing, including: coil schematic, coil resistance and toler- 
ance, mating connector designation and pin identification, or 
pigtail color code, as applicable. 

Valves are normally supplied with two, three or four lead 
coils. Standard coil connections are shown in Table IT. When 
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Fig. 1 
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Proposed standard manifold dimensions (see Table I, 3.1.1.2 and 3.1.4). 


a valve is supplied with an electrical connector, the connec- 
tor should be a pin type (male). 

Coils may be connected to the servoamplifier or electrical 
source in series, parallel or differentially (push-pull). Posi- 
tive currents will result with connections and pin polariza- 
tion shown in Table III. 


Rated Current. Valve rated current is normally the 
differential current between the two coils of a three- or four- 
lead differential coil connection. With a two-lead coil, rated 
current will correspond to the series coil connection. If a 
three- or four-lead coil is connected for series current, rated 
valve flow will be produced with an input current of one-half 
the rated differential current. Valve rated current should be 
clearly indicated on the installation drawing. 


3.2.3 Quiescent Current. Valves supplied for differential elec- 
trical operation should be capable of continuous operation 
with a quiescent current value of twice the rated differential 
current. 


3.2.4 Coil Construction. The valve coils should be suitably 
impregnated or protected so as to prevent damage by ex- 
posure to humidity, fungus and salt spray. Coils and lead-out 
wires should be arranged and supported to withstand antici- 
pated acceleration, vibration, and temperature environments. 


3.2.5 Coil Resistance. The nominal d-c resistance of the valve 
coils and the resistance tolerance should be stated on the 
installation drawing. Unless stated otherwise, resistance 
values are assumed to be those at 70 F ambient. 

With some valves supplied with three or four lead con- 
nections, there will be a difference in nominal resistance 
between the two portions of the motor coil. Usually this 
difference results from a varying magnetic effectiveness which 
requires more turns in one section of the coil than the other 
for equal motor output. 


3.2.6 Coil Inductance. The apparent inductance of the servo- 
valve coils will be influenced markedly by the operating 
condition of the motor. The influence is due to the reflected 
hydromechanical impedance of the valve hydraulic amplifier, 
so will depend upon such variables as input current ampli- 
tude and valve supply pressure. The coil impedance at low 
frequencies (below 100 cps) is relatively independent of 
valve action, so the recommended test procedure specifies a 
nominal 50 cps test frequency. Coil impedance presented to 
a carrier frequency demodulator (e.g., 400 cps or 800 eps) 
will vary widely from design to design and cannot be pre- 
dicted accurately from the d-c coil resistance and coil in- 
ductance values. No specific testing to determine high-fre- 
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Table ll—Standard Coil Connections (3.2.1) 


Current * 


Connector 
pins 


Pigtail | 
colors greer, red blue | green red yellow blue 


* Positive current indicates positive hydraulic output. (See 3.3.2.) 


quency oil impedance is recommended in this standard. 

Inductance should be specified as the total coil inductance 
corresponding to the series coil connections of 3.2.1. With 
a differential coil connection, this inductance value will be 
the plate-to-plate load inductance for the driving amplifier. 
With most servovalves, total inductance will be on the order 
of three to four times the inductance per coil due to mutual 
inductive coupling between the coils. 


3.2.7 Electrical Input Power. Electrical power required to 
produce rated valve output may be determined from the 
rated current and coil resistance. For a two-lead or series- 
connected coil, the electrical power required is 


Wr = is? Rect X 107? 
where 


Wer = electrical power input for rated valve output (mw) 
is = rated series current (ma) 
Ret = total coil resistance (ohms) 


With a three-lead coil or with a four-lead coil connected 
either in parallel or differentially, the required electrical 
power is 


Wr = 7 (ip? R x 10 8) 


where 


ip = rated differential current (ma) 
R = resistance per coil for equal resistance coils (ohms) 


With a differential coil connection, the quiescent current 
will dissipate continuous electrical power in the valve coils 
over and above the input power defined above. 


3.2.8 Coil Insulation and Electric Strength. Valve coils and 
lead-out wires should be electrically insulated from the valve 
structure. Insulation used in the coil wire and the lead-out 
wires, together with the coil potting compound and connector 
dielectric, should be selected for reasonable life while sub- 
jected to the anticipated valve environment, including tem- 
perature and altitude extremes. Insulation in wet motor or 
stale motor valves must be compatible with the hydraulic 
fluid. 

Under room temperature and humidity conditions, the 
insulation resistance from the coil leads to the valve structure 
should exceed 100 megohms as measured following the 60- 
sec application of a d-c potential equal to five times the 
maximum anticipated coil voltage, or 200 volts, whichever 
is greater. 


3.2.9 Dither. The servovalve should be capable of use with 
dither current amplitudes up to 20 per cent rated current 


without reduction of anticipated valve life. Valve perform- 
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ance characteristics (e.g., hysteresis and resolution) shall 
be stated for operation without input dither. 


3.3 Hydraulic 


3.3.1 Rated Flow. Valve rated flow output should be specified 
on the installation drawing for a valve pressure drop equal 
to the rated supply pressure (zero load pressure drop). 


3.3.2 Flow Polarity. Positive flow polarity for a four-way 
valve is flow out port 1 and flow in port 2. These flows will 
result with positive current inputs. (See 3.2.1.) With a three- 
way valve, positive current will give flow out port 1. 


3.3.3 Supply Pressure. Valve rated supply pressure should be 
stated on the installation drawing. 


3.3.4 Proof Pressure. The valve should withstand, without 
permanent performance degradation, proof pressures (ap- 
plied at room temperature) of 114 supply pressure on Ports 
P, 1 and 2 and proof pressure equal to supply pressure 
on the R port. 


3.3.5 Burst Pressure. The valve should not rupture within 30 
sec with burst pressures (applied at room temperature) of 
21% supply pressure on ports P, 1 and 2, and 114 supply 
specified on the installation drawing. 


3.3.6 Fluid. The recommended hydraulic fluid should be 
specified on the installation drawing. 


3.3.7 Temperature Range. The specified fluid temperature 
operating range should be stated on the valve installation 
drawing. Normal temperature ranges for military-quality 
servovalves are: 


Hydraulic temperature Fluid temperature 
classification range, deg F 


I —65 to +160 
II —65 to +275 
Ill —65 to +400 
IV over 400 


Ambient temperature ranges are presumed to be identical 
with the fluid temperatures unless otherwise stated. 


3.3.8 System Filtration. The recommended system filtration 
rating should be specified on the valve installation drawing. 
If magnetic system filtration is required, a suitable note 
shall appear on the installation drawing. 


3.3.9 External Leakage. There should be no external leakage 
from the valve throughout all operational and environmental 
ranges, including operation under conditions of proof pres- 
sures specified in paragraph 3.3.4. 


Table Ill—Connections and Polarizations for 
Positive Currents (3.2.1) 


2-lead 3-lead 4-lead 





Series B+ A-—|8B+ Cc— B+ AD CH 


A, C— 





Parallel | not 
applicable 


not applicable B, D+ 


for A— for A, D— 
Bto A>CtoA!| Bto A, D>C 
to A, D 


Differ- not 
ential applicable 


for A+ 
AtoB<AtoC 


for A, D+ 
A, DtoB<A,D 
to C 
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4.0 PERFORMANCE SPECIFICATIONS* 


4.1 Static 


1.1.1 No-Load Flow Characteristics. Valve flow characteristics 
with zero load pressure drop include the following: flow 
gain, linearity and symmetry; valve hysteresis and resolu- 
tion. Standard test conditions are shown in Table IV. These 
characteristics are best measured with a continuous flow 
plotter, but can be ascertained through point-by-point means. 
One hundred per cent production testing is often carried out 
to insure conformance of the no-load flow characteristics 
to the valve specification. 


Table 1V—Standard Test Conditions 





Air temperature | 70 F + 20F 

Fluid temperature 100 F + 10 F 

Altitude | normal ground 
Vibration | none 

Humidity 10 to 90 per cent relative 


that for which the valve has been 
designed 
rated pressure + 2 per cent 
| 0 to + 3 per cent supply 
10 microns nominal 


Hydraulic fluid 


Hydraulic supply pressure 
Hydraulic return pressure 
Hydraulic supply filtration 





Either point-by-point or continuous flow data plotted on 
a graph sheet with a maximum tolerance envelope will 
demonstrate conformance of flow gain, linearity and sym- 
metry. (See Fig. 2.) For point-by-point testing, hysteresis is 
best determined by separate test. Resolution data may be 
stated in per cent or may be given as a separate plot made 
with high sensitivity current and flow recording channels. 


4.1.2 Quiescent Flow. Valve quiescent flow as a function of 
input signal may be plotted as in Fig. 3. The maximum 
value of quiescent flow may be noted on the no-load flow 
plot (Fig. 2) in lieu of a separate plot. 


4.1.3 Null Pressure Gain. The load pressure drop at zero load 
flow for valve inputs about the null may be plotted as shown 
in Fig. 4. The slope of these curves at the null point is the 
null pressure gain. 

Often a combined null pressure gain and resolution test 
is performed on production valves. In this test the load pres- 
sure drop is noted for an incremental current input from 
null. If the valve produces a specified minimum load pres- 
sure drop, adequate resolution and null pressure gain are 
indicated. 


4.1.4 Load Flow-Pressure Characteristic. The change of load 
flow with load pressure variations at constant values of cur- 
rent input gives the valve load flow-pressure characteristic, 
Fig. 5. Generally, flow-control valves will exhibit a parabolic 
characteristic because the output stage behaves as an orifice. 
Gain-compensated valves will exhibit a more constant load 
flow with changing load pressure drop. 


4.1.5 Null Shift. Change in the valve null bias current with 
various operational and environmental variables should be 
controlled within specified limits. Null shift data should be 
plotted for variations of fluid-temperature (Fig. 6), supply 
pressure (Fig. 7), and return pressure (Fig. 8). Null shift 


*In the full report, detailed test methods and equipment schematics are 
presented for each performance specification defined. 


(Continued on page 195) 
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Fig. 2—No-load flow characteristic (4.1.1). 








Continuous dota 


°o 


r 


Quiescent flow, cu in./sec 
4 











= 





T 


6st ollbenna 




















+/ 


R 


oO 


[ bee SD, 
'R 
Valve current, ma 
Fig. 3—Quiescent flow characteristic (4.1.2). Can also be 


plotted as point-to-point data. 


ELECTRICAL MANUFACTURING 





p Slope = null pressure 
gain 


P, ~Po),? 








ood pressure, 


—t Slope= null pressure | 
| gain 








Valve current,moa 


pressure characteristic (4.1.3). 
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Fig. 5—Load flow-pressure characteristic (4.1.4). Can also be 
plotted as point-to-point data. 
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Valve supply pressure, psi 


Valve null bias current, ma 
Fig. 7—Null shift with supply pressure (4.1.5). 
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Fig. 8—Null shift with return pressure (4.1.5). 
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Fig. 9—Valve dynamic response (4.2). 
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Edited by Arnotp E. Ruban, Associate Editor 
oO 
——Design Note 
o s 
Design of D-C Carrying Inductors 
R. G I | EBBEN, Design Specialist k,N?M? 
Ryan AgronauticaL Company, Electronics Division L=- = (3) 
San Diego, California 9 
R k;NM kN’ (4) 
; _  M? M 
For INDUCTORS AND TRANSFORMERS niques and configurations of assemblies. W 
carrying d-c, there are direct relation- The method to be outlined applies 
ships between dimensions, current and equally well to transformers carrying kil 
° . . . 4‘g - 
core-material properties. Rapid design unbalanced direct-current for which a Tac = N (5) 
methods can be developed on the basis gap must be utilized in the flux circuit ; 
of the analytical expressions. to prevent saturation of the core ma- where 
The volume and weight of a d-c terial, and to design configurations 1, = gap length 
2 2 g PS 
carrying inductor or transformer are such as single-coil and shell-type con- oT an tabal eeleaMliaw tamne 
° ° DS 
proportional to the 1.2 power of the struction. 
product of inductance and the direct In Fig 1, Equation (2) relates the size (S) of 
current in amperes and inversely pro- S = ABC = f(L, R, Ia) Q) the ideal dimensions to the volumetric 
portional to the 0.6 power of coil re- = magnitude. The constant k, may be 
sistance: oc adjusted to give weight for S based on 
S = ideal volume of the completed on averame Genaitty for sicailar com- 
a ae “ 3 . c 
cw Lae |'? component ponents. Also, k, will vary for type of 
, VR ae ideal length construction; viz., core-type, shell-type, 
B = ideal width stonte cull ane 
*— ide: 219 ae +a Re ; 
where ; om ide al he ight Equation (3) is derived from the 
S= weight or volume of the in- L = inductance in henrys basic equation for inductance which a 
Cy Er ae sat 20C : ; 
ductor R= d-c resistance in ohms at 20 C includes the influence of core and gap 
K = constant of proportionality I,.. = d-c, amp reluctance: 
L = inductance in henrys re" ; se 
I,.. == d-c, amp The use of the word “ideal” here refers ksN? a 
on iad unleteen: ghee to the component theoretical minimum ae l > (6) 
ance, ‘ i i 


Cores may be related to the 


(LI,../VR) product for quick evalua- 
tion as follows: 
/ 


Lilac | FG 
$2 = UDE | 
VR \ D+E44+1.6F 
where 
U = constant of proportionality 


D = core lamination width 
E = core stack height 
F = window height 
G = window width 
D x E= core gross area 
F x G= window area 


The constants K and U are to be 
established by empirical data entirely 
dependent upon manufacturing tech- 
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dimensions based on the core dimen- 
sions D, E, F, and G: i.e., 


A=2(E + F) 
B=D+F 
C=G+2E 


A-C flux density is assumed negli- 
gible. Core materials are assumed to 
have a relatively low reluctance, such 
as Hipersil (Westinghouse). 


Let 
M=any lineal magnitude (except 
core gap length) 
M?=any area magnitude 
M*=any volumetric magnitude 


Then, 


S =k,M (2) 





S 


Fig. 1—Core type of construction for 
inductors and transformers. 
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where 
L’ = accurate inductance in henrys 


|, = mean-length of magnetic core 
A..= cross-sectional area of mag- 


netic core (including proper 
space factor) 

Uy, = a-c permeability, a function of 
the d-c flux, a-c excitation and 
frequency 

A, = cross-sectional area of the gap 

(including fringing affect) 
uy = permeability of air, considered 

= 10 

High-permeability core materials will 
cause the two reluctance terms in the 
denominator of Eq (6) to be related 
in approximately the following manner: 


reluctance of core 1,/A;Ug-c 





- = s 0.1 
reluctance of gap =, /Ajuy 

The gap reluctance will predominate 
and hence can be used with an appro- 
priate multiplier to include the rela- 
tively constant influence of the core. 

Equation (6) becomes: 

ksN?A 
L=——4 (7) 
l, 

Value of A, is approximately equal 
to A,, with a small factor that will ac- 
count for the fringing effect at the gap. 
Equation (7) can then be modified once 
more to become: 


Loos (8) 


A comparison of Eqs (3) and (8) 
indicates that M? has been substituted 
for the core area A,, with the corre- 
sponding change in the constant of 
proportionality, k;, to that of k,. 

Equation (4) is derived from the 
basic equation for resistance: 


pl 
R= — 
A 
where 
R=resistance of configuration in 
ohms 
p=constant of proportionality in 
ohm-cm 


/= length of the configuration in cm 
A = cross-sectional area of configura- 
tion in sq cm 


In Eq (9), the NM factor is the num- 
ber of turns times the mean-turn and 
hence the length, /. The M?/N factor 
in the denominator is the cross section 
of one turn, derived by dividing the 
total window area available by the 
number of turns. Thus, p becomes k,, 
including the copper space-factor and 
the magnitude constant of proportion- 
ality discussed earlier. 

For high-permeability materials, the 
total mmf drop around the circuit is 
practically equal to the mmf stored in 
the gap, so that the ampere-turns factor 
(NI...) is proportional to the gap 
length, J. (1)* 
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Since Eqs (2) through (5) have 
been substantiated, it is necessary only 
to manipulate these equations to omit 
M and N and combine the constants, 
k 


n° 











I kN?M? =kNM? (10) 
1 NI 4 Tac 
RLI 4. 
N= — (10a) 
LI. 
N? = r( tes | (10b) 


Substituting Eq (10b) in Eq (4) for 
N?, 





Ra, qa) 
Lins 
=k re (11a) 
Ll ac)? 
M = kS a2 (11b) 


Combine Eq (2) with Eq (1lb) by 
substituting for M°: 


S°4 = kM° 


k( L Tac)” 
R 


LN 
& 
| 
~ 
— 
to 
~~ 


A graph can be constructed relating 
the size or weight, S, and the param- 


eters (Lly../VR). From Eq (12b): 


, LI 4c 

log S = K, + 1.2 og ( =) (13) 
This can be graphically shown as a 

straight line on a logarithmic field. 
The (LI,../VR) relationship is ac- 
curate for design purposes. The only 
really questionable item is the constant 
of proportionality, K. It depends on a 
number of variables which were 
assumed to be constants during the 
derivation. However, the average actual 
variation of these so-called constants 
is small, some being positive, and some 
negative. Factors affecting the constant 
K are ratio of core dimensions (i.e., 
D/E, F/G, and E/F), copper space- 
factor influenced by insulation require- 
ments, margins, unrelated additional 


* Italic numerals in parentheses refer to Cited Re- 
ferences at end of article. 


windings, types of construction (i.e., 
shell, single-layer, etc.), and excitation 
voltage and frequency. Limitations such 
as large a-c flux and /*R losses in 
excess of normal will require adjust- 
ments in design. 

Core Evaluation. General core dimen- 
sion substitutions into Eqs (3), (4) 
and (5) using core parameters D, E, F 
and G, and the omission of N (the 
number of turns) by a change in 
constant yields: 








ee aw 
ly 
Tae = Un (15) 
D+E+1.6F 
R =U; (5 ) (16) 


where U,, is a constant of proportion- 
ality. The factor DE is proportional to 
the core area and (D + E + 1.6F) is 
proportional to the wire average mean- 
turn. 


F 
(MT) = 2(D + E) + 


for core type construction. 

Combining Eqs (14) through (16) 
into the bracketed portion of Eq (12b) 
results in a useful equation after evalu- 
ation of U. 





Llac FG 
= UDE .|———- (11 
VR woe eae , 


Core Reactor Ratings Using 
Core-Type Construction 








Rating 
(3) X 103} Core Ideal 
VR num- | volume 
[See Eq (17)] ber* | [see Eq | F/Mt 
K = 300 (3) (1)] 
23 H-1 2.4 9.6 
26 H-2 2.6 10.0 
31 H-3 3.0 10.3 
34 H-9 4.5 7.6 
36 H-4 4.0 9.0 
46 H-5 4.5 10.2 
56 H-11 6.3 8.9 
67 H-7 6.1 11.0 
69 H-6 6.5 10.6 
70 H-14 7.6 9.2 
88 H-8 7.3 11.4 
93 H-20 12.5 aF 
94 H-12 9.4 10.0 
96 H-17 10.1 9.6 
103 H-10 10.6 9.7 
115 H-13 11.4 10.0 
127 H-15 10.4 12.2 
140 H-16 43.9 12:5 
153 H-18 12.0 32.7 
190 H-19 21.4 8.9 





*In order of (Lla-c /VR) rating using Eq (17). 

+ Figure-of-merit (F/M) is the quotient of rating 
and volume. Note that several cores may exist 
having nearly the same rating; F/M allows optimum 
selection. 
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Simplified Design Method. Assume 
that a number of Hipersil cores have 
been evaluated using Eq (17) with 
U = 300 X 10-3, which is somewhat 
conservative. In addition, the ideal 
volume has been determined and be- 
cause this bears a proportional rela- 
tionship to the size and weight of the 
finished product, a figure-of-merit 
(F/M) can be established indicating 
cores yielding better weight and size 
factors for nearly the same rating (as 
shown in the accompanying table). 

To design an inductor in which: 


L = 10 henrys, min 

R = 250 ohms, max, at 20 C 
1... = 50 ma, max 
E 150 volts rms, 800 cps 


the following procedure would be used: 


1. Calculate core require- 


ments. 


rating 


Lge _ 10 X50 X 10~° 


=—— aaa = 31.6 X 107° 
VR V 250 

From the table, an H-3 core will prob- 
ably satisfy the requirements. 


2. List the pertinent data regarding 
the core. 


H=3,D=%,E=%,F =%,G=1% 
3. Compute the mean-turn of wire. 


(MT) = 21D +.B) +7 = 200) + — 


= 2.79 in. 


(Note: For core-type construction (two 
coils) the window dimension, F, is half 
that for a single coil equivalent. This 
is the reason for the divisor 2 under 
the second term above.) 


4. Determine the weight of copper 
using the following formula: 


Wty = 0.25 X winding width X F X 
MT X copper space-factor (18) 


Copper space-factors for layer-wound 
reactors usually run about 0.55 to 0.65 
for this application of the equation. 
Assuming Yg in. margins: 


3 ie 
Wtey = 0.25 Xexy* 2.79 X 0.6 
= 0.184 lb 


(Note: Winding width is G — 2 X 
margin. ) 


5. To determine wire size, divide 
desired resistance by weight and use 
the ohms-per-lb in a wire table. 


ohms 250 


Ib 0.184 


Using Magnet Wire Engineering Data 
(Phelps Dodge Copper Products 
Corp.), single Formvar wire, 1,350 
ohms/Ib, falls between sizes AWG 33 
and 34. 

6. Tentatively select No. 33, since 
the next smaller size will result in 
too much resistance. The wire data 
gives 16,023 wires per sq in. for AWG 
No. 33. Estimate the number of turns 
that can be placed within the allotted 
window: 
turns 


— winding width X F X 
sq in. 


N 
copper space-factor (19) 


oe 
16,023 x= X>X 0.6 X 4,200 


turns 
7. Check the resistance. 


1 ohms 
R =—XM NX 20 
12 x TXNX ft (20) 


rR =—_x 2.78 x 4,200 x 
—e = . 1,000 


= 200 ohms 
8. A check of B,., is made to pre- 
vent non-linear effects at peak flux. 


Bac max = 


__3.5 X 10° X Eye (21) 

freq. X DX EXSFp XN ~ 
In which SF,, == lamination stacking 
factor. 


Bac max = 
3.5: 20° x 150 - 
800 X %& X % X0.9 X 4,200 


= 920 gauss 


If the Hipersil is d-c biased to 0.4 
oersted (10,000 gauss), the peak flux 
will reach 10,920 gauss, which is safe. 

9. Using an approximation derived 
from Magnetic Circuits and Trans- 
formers, (1) the ratio of gap length 
to gap area can be calculated. 


I 0.55XNXI 
ae ee (22) 
A, Bac X DXE 
0.55 X 4,200 X 50 X 107° 
10,000 X 4% x% 


= 61.5 X 10~? 


10. The inductance is closely ap- 
proximated by: 


(s.r) 
= 30 1,000 


a x 10° 
Ay 
shed .6 henrys 
A check on the rating of the core 
using the new values is made. 


o 
oO 


Oo 


Inductance, per cent 


Tg-¢ (rated) 
Direct current 


Fig. 2—Typical relation between in- 
ductance and direct current in winding of 
inductor. 


8.6 X 50 X 107° 
V200 


a 
VR 
= 30.3 x 107° 
A quick check on the maximum 
number of turns that can be wound 
within the allotted area of the window 
is made. From a table (2) it is found 
that No. 33 wire (single-coated) has 
the following winding characteristics: 


max diam siite 0.0081 in. 
turns/in. snccieal a eee 

layer insulation 0.002 in. 
layer space-factor 88 per cent 


Subtracting 0.5 in. for each coil 
from available F dimension to allow 
for winding tube and wrapper insula- 
tion results in a net winding height of 
0.4 in. 
number 0.4 
of layers = 


- 


—__——_—_________ =» 45 
0.88 (0.0081 +0.002) 


7 
turns/layer = 114 X= = 100 


total turns = 100 X 45 = 4,500 


Since the specification has not been 
met, redesign using the next core size; 
i.e., H-9. 

Since we know the interrelationship 
between ZL and R, we can see what 
would happen to L had No. 34 wire 
been chosen. 


An ft 
L, R, 
310 
L,; = 8.6 ry = 10.7 henrys 


1l. The gap can be closely approxi- 
mated by: 


L =x DXE (24) 


g 


3 1 
3 -— —— 
61.5 X 10 x7X% 


= 11.5 mils total 


The inductance achieved by passing 
rated d-c through the inductor is about 
90 per cent of that realized with no 
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TRANSISTORIZED 
POWER SUPPLIES 


OY Mie-- os, 
Kkepco: 
re Oe daira ee gee 


OVER 50 ACTIVE 
STANDARD MODELS 


Solid achievement in solid-state 
design. Kepco’s 14 years of specialized 
experience continues to set the 
standard for the “State of the Art” in 
voltage regulated power supplies. 


MODEL ouTPUT ouTPuT REGULATION 
VOLTS AMPS. 
SC-32-0.5 0-0.5 
SC-32-1 0-1 
__$C-32-1.5 0-1.5 
2SC-32-1.5 0-1.5 
Dual Output || _.- ee 
SC-32:2.5 2.5 
SC-32-5 ‘ 
scazioa_{ os2 {010 + Q,O1% 
SC-32-15A f 
SC-60-2 
SC-60-5 
2SC-100-0.2 
__Dual Output 
SC-150-1 
SC-300-1 
$C-18-0.5 
SC-18-1 


nen 


es ee — | 06 








__SC-3672-0.5 _ 


S$C-3672-1 
PSC- 5-2 


0.02% 





0.1% 


For complete specifications 
send for Catalog B-601 
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d-c. After the 90 per cent point, the 
inductance falls off relatively fast for 
Hipersil, Fig. 2. OOO 
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1. Magnet Circuits and Transformers, M. I. 
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McGraw-Hill, Vol. 17, Table 4.5, pp 160- 
161. 


Hipersil Cores for Transformers and Re- 
actors, Westinghouse Electric Corp. De- 
seriptive Bulletin 44-550, September 
1956. pp 20-24. 


Air Guides in 
Tape Recorder 


To MINIMIZE tape damage, the magnetic 
tape in a recorder developed by Ampex 
for Boeing Airplane Co. to test the Min- 
uteman missile moves through the mech- 
anism on air-lubricated guides. The tape 
is lifted off the surface of the guides by 
means of an air film in a manner which 
centers the tape with respect to the guide. 
The result is double-edged guiding with- 
out having the tape touch either edge of 
the guide. In addition to standard tape 
transport speeds (60, 30, 15, and 71% in. 
per sec) the recorder has a fast speed 
which permits searching the tape in 
either direction at a speed of from 60 to 
200 in. per sec. 

The Ampex recorder is the primary 
part of a system which records signals of 
the testing of the missile, of the period 
immediately prior to missile launching, 
and during missile launch and flight. The 
recorder can handle either 14 tracks of 
information on l-in. tape or 7 tracks on 
\4-in. Mylar tape. The _all-solid-state 
modular electronic system will transmit 
information to the recorder at up to 350,- 
000 bits per sec. 
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Improved Layouts 
For Printed Circuits 


THERE ARE VARIOUS WAYs of preparing 
photographic layouts for use in mak- 
ing printed circuits. Many of these 
involve a taping operation using Sta- 
bilene film. Although results with this 
method satisfactory for early 
printed-circuit work, new highly spe- 
cialized circuits require greater accu- 
racy and flexibility. As a result of 
studies made at General Electric, Syra- 
cuse, N. Y., and Keuffel and Esser, 
Hoboken, N. J., a new method has 
been evolved using peel-coat Stabilene, 
a_ re-stabilized, Mylar polyester-base 
film, and a newly designed set of 
scribing tools. 

The first step in the new process is 
to make an original drafting layout on 
Scribe coat master, which contains 
grid lines for accurate positioning of 
elements (Fig. 1). Peel-coat film is 
then exposed photographically to the 
scribe master. This produces a_ line 
image on the photo emulsion layer of 
the sheet. The area between each 
translucent line, not the line itself, 
is actually the circuit path desired. 
While in the developer, these image 
lines are eaten away down to the peel 
coat layer. The sheet is then wiped 
with an alcohol-dampened cloth, fur- 
ther dissolving the image lines through 
the peel-coat layer and down to the 


were 


Mylar base. Valleys two-layers deep 
result. The photo-emulsion layer of the 
sheet is then washed away in a Clorox 
bath, leaving valleys only in the peel 
coat. Finally, the 
each translucent line is peeled away, 
leaving the finished circuit paths (Fig. 
2). The final master and file copy can 
be further reprinted. 

The method has a high degree of 
accuracy and is very flexible. Optimum 
use can be made of the board area 
since the width and length of runs, as 
well as pad (connection) sizes are not 
limited by standard tape sizes. Using 


coating between 


Adjustable-Speed 
Drive Uses 
Eddy-Current Coupling 


A NEW LOW-COST LINE of eddy-current 
coupling adjustable-speed drives from 
5 to 100 hp has been announced by 
the General Electric Co. In the new 
“Kinatrol” line, automatic control pro- 
vides close speed regulation, 2 per cent 
of full speed being obtainable with 
standard components. A wide variety 
of drive and control features can be 


Fig. 1— First step in new printed-circuit 
layout process is to scribe standard cir- 
cuitry on film with specially made, dou- 
ble-pointed tools. 


formulated fluids, drawing 
changes can be made during any of 
the major steps. 

The scribing tools devised for the 
process are equipped with unique 
spring-type shock absorbers. They 
maintain the same accuracies on 
curved as well as straight lines, elim- 
inating ragged circuit paths. The tools 
have double points so that two sepa- 
rated lines are scribed into the film to 
outline what will later be a solid line. 
The steel alloy points are made in 
graduated widths. OOC 


specially 


Fig. 2—Peel-coat Stabilene film, after 
processing, is stripped away to leave de- 
sired layout. 


added to the basic drive for better pro- 
tection, reversing, braking and special 
control functions when required. 

An eddy-current coupling is an elec- 
tromagnetic device used to obtain ad- 
justable speed from a constant- or 
variable-speed source. The output-shaft 
speed is adjusted by controlling the 
excitation on the coupling field coil. 
A solid drum :s, in effect, a number of 
conductor loops and acts as a magnetic 
flux carrier as well. Torque can be 
produced only when there is slip be- 
tween the rotating field and the drum. 
The torque transmitted between the 
drum and the rotating field increases 
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No. 22 D.C. Guardian’s ‘‘mighty 


midget’’. Only 34” 
Stroke ranges from !%" to 5% 
and lifts up to 24 ounces. 
Available D.C. voltage 

only for intermittent 

or continuous 

duty. 


x 34”x114" size. 


No. 24 A.C. Midget Solenoid. 


Only 1144” x 1” x %". Stroke ranges 
from 4%" to 5%” with lift over 19 
ounces. ‘Available for inter- 

mittent or continuous 

dutyin anyA.C. volt- 

age up to 230 

V.A.C. 


No. 28 A.C. or D.C. MIDGET SOLENOID. 
Announcement of this new Guardian midget solenoid will be greeted 
with eager interest by design engineers. It is most versatile. 

Has tapered plug and plunger for greater power. 


Adjustable stroke 44%” to 14”. 


version of Guardian's No. 4 solenoid. 
Has added power lift up to 9 pounds 
achieved by use of tapered plug and 
plunger, and special frame. Adjust- 

able stroke 14” to 34”. Available for 
continuous or intermittent duty with 


D.C. voltages up to 110 V. D.C. 


ounces. Only 1 14” 
A.C. or D.C.; intermittent or 
continuous duty. 


Guardian offers the most com- 
plete, flexible and versatile line 
of solenoids ranging from 
midgets to heavy duty laminated 
types and for intermittent or 
continuous duty. Available with 
‘“Permaseal”’ encapulated coils 
and in D.C. units for 400 cycle 
operation. 


Lift of over 41 
x 1"x 13%”. Available 


Heavy DutyNo.2A.C. orD.C. 
A new version of Guardian's well- 
known standard No. 2 solenoid hav- 
ing greater power and much longer 
life expectancy well in excess of 15 
million Pe ite me Adjustable stroke 


1%” to 34". Lifts more than 95 ounces. 
Available for A.C. or D.C.; inter- 
mittent or continuous duty. 


LARGE SELECTIONS of Guardian Solenoids are carried in stock by Franchised 


Electronic Parts Distributors in the U. S. and Canada. Write for the name of your nearby 
distributor and Bulletin SD-25. 


Write for an ad as SOL-8 


GUARDIAN = ELECTRIC 


MANUFACTURING COMPANY 


1552-D W. CARROLL AVENUE, 


APRIL 1960 
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with field strength and with slip speed. 

For a given input speed, the speed 
of rotation of the output shaft will de- 
pend upon the load torque and the field 
strength of the magnetic poles. Since 
the eddy-current coupling does not pro- 
vide torque rather 
torque transfer, the output torque will 
be substantially equal to the input 
torque at all times. The difference be- 
tween power input and output is ab- 


conversion, but 


sorbed by the coupling and appears as 
heating of the magnet drum, plus some 
windage and friction loss. These losses 


Sampling Switch is 
Wiperless and Noiseless 


NOISE AND CONTACT WEAR, encounter- 
ed when sampling low-level, high-im- 
pedance voltage sources, is largely 
eliminated in the “Roto-Jet” sequential 
sampling switch. A jet of air is the 
only rotating switch part. The air jet 
is directed movable 
which are deflected as _ the 
stream strikes them. The jet is obtain- 
ed by supplying a rotor and nozzle 
with compressed air at approximately 
35 psi and 2.5 cfm (Fig. 1). As the 


against contact 


leaves 


Fig. 1 — Rotating air jet energizes contact 
modules, arranged around inside of 
switch housing, as nozzle sweeps jet over 
contact leaves. 


New General Electric 
“Kinatrol” line of adjust- 
able-speed drives employs a 
stationary - field eddy - cur- 
rent coupling with no slip 
rings or brushes, and sta- 
tionary- field tachometer 
generator. Six-bearing de- 
sign sharply reduces main 
bearing loading and assures 
positive gap alignment. A 
flexible variety of control 
units is available, including 
both thyratron and mag- 
netic-amplifier exciter reg- 
ulators. 


must be removed by a cooling medium 
to permit continuous operation. 

The new drive offers versatile per- 
formance over a constant torque speed 
range. Ratings through 20 hp are ca- 
pable of continuous operation down to 
100 rpm at rated torque, providing a 
speed range of approximately 17 to 1. 
An integral a-c flux-switch form of 
tachometer-generator has two-coil, high- 
frequency design for simplicity and to 
provide high voltage to avoid need for 


amplification. O00 


Air Fixed contact 
Movabie contact, 





Fig. 2—Single contact module of data 
sampling switch. Movable contact is de- 
signed with lever and fulcrum action for 
high contact pressure. 


rotor is turned, the jet passes over 
and sequentially deflects a series of 
contact leaves. Each contact module, 
Fig. 2, consists of a movable leaf con- 
tact and a fixed contact, arranged 
barrel-stave fashion around the inside 
of the cylindrical case. 

The switch shown in Fig. 3, a prod- 
uct of Electric Regulator Corp., Pearl 
St., Norwalk, Conn., has a sampling 
speed of 20 rev/sec, although speeds 
to 40 rev/sec are available. Contact 
resistance is 0.5 ohm with less than 
5-microvolt contact noise during dwell. 
Contact closing time is 60 microsec 
while opening time is 80 microsec, 
approx. Contacts may be cleaned by 
temporarily increasing air pressure. 

Two-pole switching at any 
angle may be accomplished by adding 


phase 


Fig. 3—Sampling switch with 45 contact 
pairs will operate at 20 rev/sec. 


a second ring of contact modules and 
another air nozzle. 

Applications include sampling out- 
puts of . strain gages, thermocouples, 
photo-sensitive elements, and similar 
devices used in computers and control 


systems. O00 


Bright Lamps Solve 
Space Problem 


NEON INDICATION LAMPS have been used 
on machine-tool control consoles, but to 
a limited extent because of their low vis- 
ibility. Recently, bright wide-angle neon 
lamps have become available, and their 
use can result in a material reduction in 
control-console space requirements as in 
this 76-station transfer machine. For the 
Buhr Economatic console shown, Saginaw 
Steering Gear did not want a large opera- 
tor’s console. Because of the size of the 
machine and the large number of opera- 
tions performed by it, 358 indicating 
lamps were required to depict its actions. 
Through the use of the small neon lamps, 
the size of the console was reduced by 
about 50 per cent. 


or 


(More Design Trends on page 188) 
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BUILT WITH WATCH-LIKE PRECISION; 
AS DEPENDABLE AS PASSING TIME 


oe fae a Lee Or 


ia 


New Phillips Micro-Miniature Relays Are Rugged, 
Versatile In Application, Highly Reliable 


Phillips new Micro-Miniature Relays are care- 
fully engineered and manufactured to assure 
the very maximum in reliability and perform- 
ance for control systems, airborne computers, 
communications equipment, and general elec- 
tronic circuitry. 

Flexibility of application is assured, along with 


TYPICAL ENGINEERING DATA: 


SIZE: Height, .875 Max. 
Width, .800 
Thickness, .387 

13 STANDARD STYLES 


RATING: 


prompt delivery, because of the wide selection 
of standard Phillips styles available. Insist on 
Phillips compact, hermetically sealed, micro- 
miniature relays when your designs call for 
quality and dependability. Your nearest 
Phillips Sales Engineer has complete data ready 
now to fill your inquiry immediately. 


3 Amps. 26.5 Volts de 
Also Low Level 
circuit applications 
12 STANDARD COIL RATINGS 


For Complete Details, Write For Phillips Micro-Miniature Type 30 Brochure. 


PHILLIPS CONTROL CORPORATION « JOLIET 1, ILLINOIS 
A Subsidiary of Allied Paper Corporation 


APRIL 1960 
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Turbine-Bucket Milling 
By Computer 
Programming 


THE MILLING of long, narrow (24 in. 
x 4 in., for example) steam turbine 
buckets has long posed a problem in- 
volving many engineering 
time, costly wooden models, extensive 


hours of 


tooling set-ups, and extreme complex- 
ity in the milling operation itself. By 
the development of a four-step system 
(Fig. 1) utilizing a digital computer 
and a digital-to-analog converter, the 
General Electric Co., through the ef- 
forts of several different departments, 
has achieved many of 
these problems. Through its use, the 


solutions to 


senera! tape 
seometr ic 


thon for 


buckets 


| machining 
nstructions for 
specific bucket 





turbine design engineer can specify 
the proper arcs and straight lines to 
achieve the best mechanical and aero- 
dynamic bucket designs without having 
a model made and without detailed 
computations. 

The first step in the process is the 
preparation by the design engineer of 
a table of coordinate values describing 
the shape of the blade at various cross 
sections (Fig. 2). The number of 
these cross sections may be as large 
as 24. This information is then fed to 
an IBM 704 computer, which has two 
other inputs. The first is a master tape 
which contains the necessary geometri- 
cal information to convert the cross- 
section figures and various other infor- 
mation regarding the cutter (the third 
input to the computer) into digital in- 
formation which accurately prescribes 
the cutter’s position with respect to 
the blade and the proper indexing of 
the blade at discrete points along the 
blade. The computer also interpolates 
between the specified cross section so 


Fig. 1 
system. 
<¢& 


Radial 
| location 


L 


that the information contained in the 
output is for many more points that 
the original cross-section values. 

The output from the digital com- 
puter is then placed in an analog-to- 
digital converter, or director, which 
converts the digital data concerning 
specific increments along the length of 
the blade into continuous analog in- 
formation to control the functioning of 
the milling machine. The output of the 
director also provides intermittent- 
function information such as stopping, 
starting, oil on-off, etc. Positioning in- 
formation is given by phase difference 
between the controlled motion and a 
reference signal, all of which are 200- 
cps square waves. O00 

Note: Information for this article was 
received from R. G. DeBiase, General Engi- 
neering Laboratory, and R. H. Wilke and 
Abden Rubio, Large Steam Turbine-Gener- 
ator Dept., General Electric Co., Schenec- 
tady, N. Y. Their pipers on the system 
were presented at the 1959 Annual Meeting 
of ASME in Atlantic City. 


Schematic of turbine bucket milling-machine control 
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Fig. 2— Table of coordinate values describes desired turbine 
bucket shape. These are prepared by design engineer. Five cross 
sections are shown here, although as many as 24 may be used. 
Each horizontal group of numbers defines one cross section. 


Silicon Controlled 
Rectifiers in Mobile 
Power Supply 


BARUCH BERMAN 
Avion Division 

ACF Inpustries, Inc. 
Paramus, New Jersey 


MOBILE POWER SUPPLIES must be rug- 
ged, small, efficient and light-weight as 
well as reliable. Static supplies (with 
no rotating or moving parts) have 
proved to be the best for this purpose 
and, in the past, magnetic amplifiers 
requirements, except for 
however, the sili- 
many 


met the 
weight. Currently, 
con controlled rectifier offers 
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Schematic of mobile static power supply using silicon controlled rectifiers. 
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advantages, in addition to being light 
in weight. 

The circuit diagram for a _ 1-kw, 
high-voltage, constant-current regulated 
power supply is shown in the figure. 
Two controlled rectifiers are connected 
back-to-back in with the pri- 
mary of transformer T2 and with the 
115-volt a-c supply. Complete isola- 
tion is obtained between the high-volt- 
age secondary (1700 volts) and the 
low-voltage primary. The circuit op- 
erates to maintain the output current 
(0.5 amp) at a constant preset level 
with varying load impedances, with 
varying input voltage and frequency, 
and with varying ambient temperature. 


series 


The gates of the controlled rectifiers 
are energized by two self-saturating 
reactors, Ll and L2. Each of the re- 
actors has two control windings. One 
is a damping winding whose effect 
can be regulated by the setting of 
potentiometer R6. The second is en- 
ergized by a feedback voltage from 
across R8 in the power supply output. 
With no feedback voltage, the reactors 
allow the controlled rectifiers to fire at 
the beginning of each cycle, producing 
maximum output. Above a_ certain 
point, however, the voltage developed 
across R8 is sufficient to break down 
Zener diode CR4 so that current flows 
in the reactor control windings. This 
opposes the normal magnetization of 
the reactors and retards the firing angle 
of the rectifiers. 


Spring-Engaged Magnetic Clutches‘ 


BERNARD E. WRENSCH, Chief Engineer 
STEARNS Evectric Corp., 
Milwaukee, Wis. 


THE MAGNETIC CLUTCH is a relatively 
old coupling device which has been 
built in many different forms. The 
term “magnetic clutch” has been ap- 
plied to eddy current, magnetic par- 
ticle, magnetic positive and magnetical- 
ly actuated friction clutches. Each of 
categories can again be sub- 
divided on the basis of different con- 
struction details. 

The specific type of magnetically ac- 
tuated friction clutch, the spring-en- 
gaged magnetically released clutch, 
differs from the more common type of 
magnetic clutch in that it is normally 
engaged and electrically released. Al- 
though this form of clutch is not par- 
ticularly new, its field of application 
has been somewhat limited until recent 


these 


*From a Conference Paper presented at AIEE General 
Meeting, New York, February 6, 1960. 


Electromagnet 


Double brush holder 


Collector rings 


when more uses for it have de- 
veloped. Then, too, certain improve- 
ments have further extended its use- 
fulness. This style of clutch is used 
principally as a coupling device where 
continuous engagement and infrequent 
disengagement are the governing fac- 
tors. 

The spring-actuated clutch is general- 
ly of the multiple friction-disk type, but 
it has also been built in the single-disk 
arrangement. A typical multiple-disk 
unit is shown in Fig. 1. The major 
functional components of this clutch 
are the electromagnet, the disk pack, 
the pressure springs, the drive hub, 
and the driven hub. The pressure 
springs exert a relatively high force 
against the armature which, in turn, 
clamps the friction disks together 
tenaciously. Torque is transmitted from 
the drive hub through the magnet body, 
then by means of friction through the 
disks into the driven hub. When the 
magnet is energized by passing current 
through the collector rings, the mag- 


years, 
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Intermediate disk 
Clutch gage 

-—— Lock pin 


Air gap 


Wear adjust ring 
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Pressure spring and plug ——— 


—— Key way 


———— Driven hub 


Fig. 1 — Typical spring-engaged magnetic clutch. 
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A full-wave rectifier in the output 
of T2 converts the output of the con- 
trolled rectifiers to d-c, which is sub- 
sequently filtered by two LC sections 
to reduce the output ripple to less than 
1 per cent. 

A wide adjustment range can be ob- 
tained in the output current with R8. 
The recommended breakdown voltage 
for CR4 is above 5 volts. Although it 
is desirable to maintain the voltage 
for CR4 as low as possible consistent 
with power efficiency considerations, 
it is also important to select a Zener 
diode which does not have a soft knee 
and which has good stable temperature 
characteristics. A 6-volt diode such as 
a 1N429 is probably the best choice 
as it will satisfy the above conditions 
at a comfortably low voltage. OOO 


net exerts sufficient force on the arma- 
ture to further compress the springs 
and release the grip on the friction 
disks. This permits the drive hub to 
rotate independent of the driven hub. 

The air gap is an important consid- 
eration in this clutch and controls to 
some degree certain characteristics of 
the clutch. Consequently, an adjust- 
ment for it is provided. The most 
efficient operation can be obtained 
if the air gap is maintained as small as 
possible; on the other hand, a reason- 
able gap must be provided to minimize 
drag on the friction disks when the 
clutch is released. An adjustment of 
the air gap can be easily made by de- 
pressing the lock pin and rotating the 
wear adjustment ring until the desired 
air gap is obtained. This adjustment 
also permits compensation for wear on 
the friction disks. However, on most 
applications, particularly those in which 
the clutch is engaged most of the 
time, this adjustment need be made 
only very infrequently — on some ap- 
plications years have elapsed without 
any adjustment whatsoever. 

Since the magnet in this type of 
clutch must exert a high tractive force 
when the air gap is at its maximum, 
the design of the clutch is somewhat 
different from the magnetically en- 
gaged clutch. In the latter, it is often 
economical to increase the torque by 
adding friction disks, within certain 
limits. In the spring-engaged clutch, a 
certain optimum relationship between 
practical friction-disk clearances and 
magnet force through the resulting air 
gap must be determined. Some of these 
determinations are empirical in nature 
because they depend to some degree 
on practical commercial manufactur- 
ing tolerances. If more than the op- 
timum number of friction disks is 
placed in the clutches, the air gap must 
be increased to provide the necessary 
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after routing, 
clip and save 


A Typical 
Example of 


Capacitor 
Characteristic 


Sangamo Reference Data File 60-9 was aimed at 
clarifying the meaning of the word “characteristic” as it 
applies to the capacitor industry. It cited the ways in 
which the term was defined and gave examples of how 
characteristic is designated in Paper, Electrolytic and 
Mica capacitor nomenclature. This article will explain 
the term as it is used for a specific type of capacitor... 
the mica dielectric capacitor. 

Under discussion will be a Sangamo fixed, mica 
dielectric, button style capacitor . . . the CB86PE102G. 
It has been stated previously that the characteristic let- 
ter “E” defines the capacitance stability of the unit dur- 
ing one “round trip” excursion from room temperature 
(+25°C) to minimum and maximum temperatures speci- 
fied for the capacitor. Capacitance stability is evidenced 
by two capabilities of the product: (1) Temperature Co- 
efficient. This is the dynamic change in capacitance as 
a function of temperature. (2) Capacitance Drift. This is 
a static change in the room temperature capacitance after 
the temperature excursion. It represents the ability of 
the capacitor to retrace its “temperature coefficient” 
curve. Let’s further investigate these two capabilities 
of mica capacitors. 

FIGURE | 


CAPACITANCE 
in MMFOS 


TYPICAL TEST DATA 
FOR SANGAMO CB86PEI02G 
BUTTON STYLE CAPACITOR 


STEP NO.6 


=~. indicates sequence of test steps 


(REF. TEMP) STEP NOS 1008.80 
TEMPERATURE 
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FIGURE 2 Temperature ‘ 
Coefficient Capacitance 
Parts/million/°C Drift 
Not specified Not specified 
0.3% or 0.3 mmf; 
—100 to +100 iiiinss iss aeciatee 


— 20 to +100 +.1% + 0.1 mmf 
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Temperature Coefficient (T.C.) is defined as the 
parts per million change in capacitance for every degree 
change in temperature, In equation form, it is defined as: 


_ (C2—C,) x10°® 
T.C. = ty, 


T.C. = Temperature Coefficient in parts 
per million per degree C. 

C; = Capacitance at reference temperature (+25°C) 

in mmf 

C2 = Capacitance at test temperature in mmf 

T; = Reference temperature (+25°C). 

T2 = Test temperature in degrees C. 

Figure 2 shows a table setting forth values for three 
characteristic designators. If the T. C. and Drift of 
a mica capacitor fall within the limits of those values 
shown in Figure 2, then the capacitor can be said to have 
a B, D or E characteristic. However, the temperature 
range of the capacitor must be specified. 

Now let’s look at Figure 1 again, The primary ob- 
jective of the test is to find the maximum value of T.C. 
throughout the specified temperature range of the capaci- 
tor. In this case the temperature range of the 
CB86PE102G is —55°C to +125°C. The ideal test 
would determine all instantaneous values of capacitance 
from —55°C to +125°C but, until recently, time has 
been the prohibiting factor in this test procedure. The 
capacitance is therefore measured at selected tempera- 
ture test points throughout the specified range. Today, 
through the utilization of the latest equipment and pro- 
cedures, Sangamo can obtain these “‘in-between” values 
in a fraction of the previous time. This approach means 
significantly better-tested components for customer 
equipment. For the purpose of this article, only the se- 
lected test points will be used for checking maximum 
T. C. throughout the temperature range. 


Notice that in Figure 1 there are 10 capacitance read- 
ings . . . Start, Steps 1, 2, 3, 4, 5, 6, 7, 8 and Finish, 
The T. C. is calculated for each temperature check point 
other than 25°C using the above equation. These points 
are Steps 1, 2, 4, 5, 6, 7 and 8. The test results have 
been computed and are tabulated in Figure 1. If, after 
having computed the value of T. C. for all seven points, 
the maximum plus and minus values lie in-between the 
limits of any one designator, then the capacitor is said 
to meet that “characteristic”. 

Capacitance Drift is simply the element that defines 
capacitance stability of the unit during one “round trip” 
temperature excursion as shown in Figure 1. It is ex- 
pressed as a percentage and is computed by dividing the 
greatest single difference between any two of the three 
values recorded at +25°C by the second value recorded 
at +25°C (Reference Temperature) multiplied by 100. 
It can also be expressed in mmfds. by subtracting the 
smallest capacitance value recorded from the largest of 
the three values recorded at +25°C, If this value is then 
compared with those values of Drift shown in Figure 2, 
the characteristic of the capacitor can then be deter- 
mined. 

Temperature Coefficient of capacitance is usually the 
parameter of greatest interest to design engineers. Drift 
is often of secondary importance. Sangamo feels that 
these two parameters Should be stated separately in speci- 
fications and encourages its customers to state their re- 
nn quantitatively and separately for T. C. and 

rift. Further, a precision capacitance tolerance does 
not insure or indicate capacitance stability. 
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clearance for the additional disks. 
Since the tractive force of the magnet 
decreases rapidly with an increased 
air gap, the net result will be a de- 
crease in torque. 

Relatively high forces must be ex- 
erted by the magnet to permit the 
torque ratings required in some of 
the modern applications. For example, 
a magnet approximately 14 in. in diam 
and 4% in. thick must exert a force 
in excess of two tons. Consequently, 
the magnet structure must be efficient- 
ly designed, utilizing the advantage of 
low carbon steels in the magnet core 
and armature and also by operating 
the magnet poles at a rather high flux 
density. 

Circuit Considerations. The torque vs 
size ratio of this type of clutch can 
be greatly improved by a very simple 
electrical control expedient. A typical 
electric control for a large clutch is 
shown in Fig. 2. The clutch is con- 
nected in series with a current-limiting 
resistor, short circuited by a contactor 
“R” controlled by a normally closed 
time-delay relay. This permits a high 
current to flow through the clutch coil 
which provides sufficient ampere turns 
to rapidly attract the armature through 
a comparatively large air gap. After a 
relatively short elapse of time, per- 
haps two or three seconds, the time 
delay relay opens and connects the 
clutch coil in series with the resistor. 
This reduces the current in the coil 
to a value which will maintain a safe 
coil temperature on a continuous duty 
basis. There is no danger that the 
heavy spring force will re-engage the 
clutch because under these conditions 
the magnet is operating through a very 
small air gap requiring relatively few 
ampere turns to sustain the flux. When 
the clutch contacts are opened, the 
magnet is de-energized and the strong 


Zinc Die Casting 
Design Awards 


Picturep IN Fics. 1 and 2 (p 194) are 
two prize-winning designs in the recent 
“Lighter Than You Think” Zinc Die 
Casting Contest sponsored by The New 
Jersey Zinc Company, New York. In 
judging the entries, light-weight, thin- 
wall construction, originality of appli- 
cation, utilization of the special proper- 
ties of the material and process, com- 
bining of component functions, and 
overall production economy were con- 
sidered. 


First award went to Bernard C. 
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Surge 
suppressing 
rectifier 
Fig. 2— Control circuit for spring-en- 
gaged clutch. 


springs in the clutch quickly push the 
armature away from the magnet to 
engage the clutch. Residual magnetism 
has no appreciable effect on the action 
of the clutch because of a small fixed 
air gap built into the unit and also 
because of the relatively strong spring 
force. 

On larger clutches a surge suppres- 
sion device is usually provided to limit 
the discharge voltage; this protects 
the coil and lead wire insulation and 
also minimizes arcing at the contacts. 
Various devices can be used to accom- 
plish this result. Figure 2 illustrates a 
surge-suppressing __ rectifier; clutch 
characteristics are shown in Fig. 3. The 
magnetic pull indicated on these curves 








» 20 


Current, amp 


Fig. 3— Clutch magnet pull and current, 
using circuit of Fig. 2. 


Sharp, University Loudspeakers, Inc., 
White Plains, N. Y., for the 12-in. hi-fi 
speaker basket illustrated. It was 
originally made of several stampings. 
Weight in die-cast zinc is 2 lb, 12 oz 
with a nominal wall thickness of 0.040 
to 0.050 in. giving all the rigidity and 
dimensional stability needed. Signifi- 
cant cost savings were realized in as- 
sembly. 

Second award went to C. E. Pool, 
Home Laundry Engineering, General 
Electric Company, Louisville, Ky., for 
the variable-pitch V-belt speed changer 
for an automatic clothes washer-dryer 
drive. The four 714-in. diam die-cast 


is directly proportional to the clutch 
torque rating. On this particular clutch, 
the normal continuous-duty operating 
current of 2 amp yields a force of about 
3,700 Ib. However, when the current 
is increased to 3.4 amp, the force in- 
creases to approximately 5,000 Ib. 
After the air gap is closed, this force 
can be easily maintained with a cur- 
rent well within the continuous oper- 
ating requirements of the clutch. 

Applications. The  spring-engaged 
clutch is applied principally where it 
would be hazardous to life or equip- 
ment should the clutch disengage due 
to power failure. It is also used on 
applications which require the clutch 
to be engaged almost continuously and 
to be disengaged at relatively infre- 
quent intervals. It is used occasionally 
to protect machinery from mechanical 
overloads in that it will slip when its 
torque rating is exceeded. Contrary to 
the characteristics of the magnetically 
engaged clutch, the slipping torque of 
this clutch is independent of line-volt- 
age fluctuations and coil temperature. 
However, since the torque of the clutch 
is dependent upon the somewhat vari- 
able coefficient of friction of the fric- 
tion disks, reasonable tolerances must 
be allowed in establishing the permis- 
sible slip torques. These tolerances are 
usually well within those required in 
commercial applications to prevent 
damage to various machine components. 
However, on some military applications 
the torque tolerances have been held 
much closer by carefully controlled 
manufacturing processes. 

Typical applications of the spring- 
engaged clutch include steel mill roll 
screw-down drives, radar antenna 
drives, the coupling of blowers to stand- 
by diesel engines and similar applica- 
tions. However, many of the clutches 
are specially designed for specific ap- 
plications and may include modifica- 
tions such as manual release, adjustable 
torque, built-in switching for indicator 
lights, stationary magnet body, various 
types of enclosure, etc. OOO 


zinc disks (one is cut away in photo) 
are identical and replace steel stamp- 
ings and machined hubs. Die casting 
resulted in simplified assembly, lower 
tooling costs and a minimum of ma- 
chining. 

Third award was for a_ coat-suit 
hanger developed by Monarch Gover- 
nor Company. A citation award of 
special merit was made for the follow- 
ing die cast parts: meter movement 
frame, Hickok Electrical Instrument 
Co., Cleveland; light-fixture bracket, 
Curtis-Allbrite Lighting, Inc., S. San 
Francisco, Calif.; thermostat cover 
frame, Barber-Colman Co., Rockford, 
Ill., adjustable microphone cord holder, 
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we 

control 

even 
this 

kind 
of 


timing. 


Timing is a matter of life and death in a hatchery. Every 
egg must be gently rolled every 60 minutes the way a 
hen does it: with gentle unfailing precision. And while 
a hen’s instinct tells her just how to evenly expose each 
part of the egg to exactly the right amount of warmth, 
in a modern hatchery it’s one of our re-cycling timers 
that does the job. And in a way that reproduces instinct. 


Timer Delay Timers interval Timers 


Re-cycling Timers 


You'll find many other examples of Industrial Timers 
that solve problems with equal precision in our general 
catalog. For, in solving numerous timer problems we 
have developed over 2,000 timer combinations. One of 
these will most probably be the timer you need. And 
our large stock always assures you of rapid deliveries. 
See for yourself. Send for our general catalog today. 


Running Time Meters 


INDUSTRIAL TIMER CORPORATION © TIMERS THAT CONTROL THE PULSE BEAT OF INDUSTRY @ 1407 McCARTER HIGHWAY, NEWARK 4, W. J. 
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PRECISION 
MINIATURE COUNTING DEVICES BY 


Bowmar gives you maximum reli- 
ability in precision miniaturized 
counting devices, ranging down 
to ‘‘penny”’ sizes. These tiny 
counters can be designed for all 
types of readout purposes: Navi- 
gational, tracking, ranging, time, 
and positioning; or for any other 
application imaginable—all to 
your most exacting requirements. 


FOR CONTR Ot 
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SEND FOR DATA PACKAGE 125 


INSTRUMENT CORPORATION 


8000 Bluffton Rd. © Fort Wayne, Ind. 


REPRESENTATIVES IN PRINCIPAL 
U.S. AND CANADIAN CITIES 
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DESIGN TRENDS 


Roanwell Corp., New York City; typewriter end covers, 
Royal McBee Corp., Hartford, Conn.; and scale model auto 
components, Hubley Mfg. Co., Lancaster, Pa. 

The judges of the contest were three business magazine edi- 
tors: Colin Carmichael. Machine Design; Charles O. Herb, 
Machinery, and Frank J. Oliver, ELEctRicAL MANUFACTURING. 


Fig. 1 — First-prize winner in the zinc die-casting contest was 
this 12-in. high-fidelity speaker basket. 


Fig. 2—Cut-away section of the second-prize winner shows 
how zine cast conical disks are mated to make the speed- 
changer mechanism for a washer-dryer. OoO0Oo 


- 400-Cycle Magnetic Amplifiers 


(Continued from page 114) 


one of the two cores saturates and load current starts 
to flow represents a transportation time delay, also called 
dead time. The transportation lag is usually undesirable 
and is particularly harmful in feedback control systems 
where it may produce hunting. The dead time, 7, is equal 
to 14f sec. 


1 
For a 60-cps supply, 7 = = a 0.00833 sec 
~ ) 


1 
——~ = ().00125 sec 


For a 400-cps supply, 7 = 5 x 400 


The phase shift produced by the transportation time 
delay and resulting from a sinusoidal control input 
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of a frequency f, is equal to 


yt 
so 


9 
- 


For f, = 5 eps, 


5 X 180 
60 X 2 


= 7.5 deg 


5 X 180 


: 1.125 deg 
100 X 2 ’ 


9400 = 


10 eps, 


10 X 180 
960 = 
60 XK 2 
10 X 180 ies 


9400 = = 2.25 deg 


100 X 2 


It can be seen that a substantial reduction in transpor- 
tation time delay and resulting phase-angle shift can 
be obtained by employing a 400-cps supply instead 
of 60 eps. OoO0Oo 


Specification Standards Proposed 
For Flow-Control Servovalves 


(Continued from page 178) 


with acceleration and quiescent current may be presented as 
per cent/unit variable. 


4.2 Dynamic 


4.2.1 Amplitude Ratio. Data for valve amplitude ratio as a 
function of frequency should be presented graphically, Fig. 
9. Dynamic response is best specified by a tolerance enve- 
lope, as indicated. 

Frequency-response data will vary with fluid temperature, 
supply and return pressures, and input current amplitude, so 
these values should be stated on the response data sheet. 
During dynamic response testing, the rated supply pressure 
should be used. Response will generally depreciate at both 
high and low temperatures. Predictions of the valve response 
at temperature extremes are generally unreliable and should 
be measured on a prototype model if performance require- 
ments are critical. 

Valve dynamic response measured at large input current 
amplitudes will saturate at higher frequencies due to limited 
output of the motor and valve intermediate stages. With low- 
amplitude currents, valve threshold effects produce distorted 
output waveforms. In either case, departure from sinusoidal 
wave forms can produce ambiguous and even meaningless 
data. The recommended peak-to-peak amplitude of the input 
current for dynamic response testing is approximately two- 
thirds the valve rated current. 


4.2.2 Phase Angle. Phase data should be presented on the 
same plot as amplitude ratio, as shown in Fig. 9. Comments 
and recommendations of the preceding paragraph apply 
equally to the phase-angle measurement. 

The valve dynamic response should be plotted throughout 
the frequency range from the reference lower frequency (us- 
ually 5 cps) to the frequency where the valve exhibits 
90-deg phase lag. OOO 
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Reductions in weight and size... 
increased reliability...unlimited 
design possibilities... production in 
all quantities... 

These values, and many more, have 
made Bowmar an outstanding sup- 
plier of all types of servo gear 
assemblies and components. 
Bowmar can supply all basic sizes 
in any mounting configuration, or 
can design and produce completely 
new devices to your exact require- 
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Important facts to know about laminated plastics 


New Guide Developed by 


MOECTRICAL Gaanes 


GENERAL PURBOSs Gtanes 


If you have specialized in metals and are consid- 
ering industrial laminated plastics as a material for 
certain components in your design for the first 
time, this newly devised Taylor Selection Guide 
will help you evaluate the different grades avail- 
able. The simplified properties chart lists the vari- 
ous grades now produced and clearly indicates the 
properties in which they excel. An accompanying 
booklet gives helpful hints on the selection of lami- 
nated plastics for your specific application. Write 
for your copy of this handy Taylor Laminated 


Plastics Selection Guide today. Use it to make 


tentative selections 
of the laminated 
plastics that most 
nearly fit your re- 
quirements. Then ae 
consult us on the 

design and applica- 

tion of laminated 

plastics and parts fabricated from them before 
making a final decision. Our application engineers 
will be glad to discuss them with you. Write Taylor 
Fibre Co., Norristown 37, Pa. 
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Simplifies Laminate Selection 


Suggested applications of different 
grades of Taylor Laminated Plastics 


For the fabrication of springs, silent gears, pinions, cams 
and bearings: Taylor Grade C—a phenolic resin, cotton 
fabric base, mechanical grade and Taylor Grade L, a 
phenolic resin, fine weave cotton fabric base grade. 


For high-temperature electrical applications and high- 
frequency radio equipment: Taylor Grade GSC—a sili- 
cone resin, glass fabric base, high-heat-resistant electro- 
mechanical grade. 
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For forming into intricate shapes, compound curves, 
and deep draws: Taylor Grade C-7—a phenolic resin, 
cotton fabric base, postforming grade. Also Taylor 
XX-7—a phenolic resin, paper-base postforming grade. 


For applications requiring high-strength retention at 
elevated temperatures: Taylor Grade GEC—an epoxy 
resin, glass-fabric base grade. 


LAMINATED PLASTICS f 


VULCANIZED FIBRE 
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Association Activities 


Electronic Components Conference 
Preliminary Program Announced 


The tentative program of the 1960 Elec- 
tronic Components Conference, jointly 
sponsored by AIEE, IRE, EIA, and 
WEMA, May 10-12, Washington Hotel, 


Washington, D.C., is as follows: 


Vay 10, 1960 

@ Session I: Quo Vadis, 1970 
“Systems Requirements for Components 
in the Next Decade.” F. Lack; “The 
Components of 1970,” H. Stone; “Re- 
search for Components of the Next 
Decade,” R. Bennett. 

@ Session II: Miniature and Pack- 
“Recent Advances 
in Microminiaturization, Reliable Com- 


aged Components 


ponents and Cooling Techniques,” G. 
W. A. Dummer; “Ceramic Base Micro- 
circuits: A Heterogeneous Approach to 
Miniaturization,” M. H. Kohn; “High 
Quality Ultra-Thin Film Capacitors,” 
S. Grand; “Rejection Filters with Dis- 
tributed R and C,” Alan Smith; “2D 
Etched Formed RC Circuits,” J. J. 
Kinsella and F. A. Schwertz. 

@ Session II]: Special Commemora- 
tive Session: Signal Corps 100th Anni- 
versary Presentation. 


May 11, 1960 

@ Session IV: Microelectronic Com- 
ponents and Molecular Circuitry 
“Microelectronics and the Systems De- 
sign Engineer,” J. R. Black; “Prepara- 
tion and Evaluation of Thin-Film 
Microcircuits,” J. J. Bohrer and G. N. 
Queen; “The Sylvania Microminiature 
Module,” G. J. Selvin; “Status Report 
on the Micromodule Program,” D. 
Mackey and J. Wentworth (RCA). 

@ Session V: Advances in Compon- 
ents and Materials—“Gallium Phos- 
phide Point-Contact High-Frequency 
Diodes,” J. Mandelkorn; “Four-Layer 
PNPN Alloy Device,” R. Fidler, B. 
Carlat and R. Wegner; “Means of 
Adjusting Resistive Microelements to 
the Desired Resistance Value,” R. C. 
Langford; “A New Type of Micro- 
miniature Hermetically Sealed Trans- 
istor Enclosure,” F. K. Clarke; “Physics 
of Thin Resistive Films,” R. Conklin 
and E. R. Olson; “Ferromagnetic and 
Ferroelectric Ceramics: Matching 
Characteristics to System Needs,” 
H. W. Welch, Jr.; “Investigation of 
Columbium as an Electrolytic Capacitor 
Anode,” C. Peabody and A. Lunchick; 
“Ruggedized Traveling Wave Tubes for 
Missile Use,” C. E. Bradford and J. P. 


Laico. 
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May 12, 1960 

@ Session VI: Magnetic Components 
for Memory, Logic and Amplification 

“New Magnetic Devices for Digital 
Computers,” D. H. Looney; “The Fer- 
rite Sheet Memory,” R. H. Meinkan; 
“Lesser-Known Properties of Multi- 
Apertured Cores,” U. F. Gianola; “Re- 
producibility of Electrodeposited Thin- 
Film Memory Arrays,” I. W. Wolf; 
“Magnetic Rod Memory,” D. A. Meier; 
“Counter-Wrapped Twistor,” R. F. 
Fischer and P. Mallery; “The Ampli- 
fying Properties of Evaporated Mag- 
netic Films,” D. W. Moore. 

e@ Session VII: Achievements in 
Component Reliability—Department of 
Defense Presentation on Components 
Reliability Program, a panel discus- 
sion; “Reliability Analysis of an Elec- 
tronic Switching Center,” W. P. Karas; 
“Electronics Parts and Reliability As- 
surance,” W. H. von Alvon; “Reliabili- 
ty Analysis of Resistor Drift Charac- 
teristics,” B. R. Schwartz. 
NEMA Section Chairman 
Re-elected 


E. D. McEachron, Marathon Battery 
Co., has been re-elected chairman of 
the Dry Battery Section of the Nation- 
al Electrical 
tion. 


Manufacturers Associa- 


Reliability and Quality Control 
Papers Solicited 


Abstracts of papers to be submitted 
for the National Symposium on Reli- 
ability and Quality Control, January 
9-11, Philadelphia, Pa., must be re- 
ceived by R. E. Kuehn, IBM Owego, 
Owego, N. Y., not later than May 16, 
1960. Ten copies of the abstract and 
ten copies of a biographical sketch of 
each author are required. 


Adaptive Control Papers Invited 


A symposium on Adaptive Control 
Systems (sponsored by the IRE) is to 
be held in Garden City, N. Y., Octo- 
ber 17-19, 

Three copies of a 1000-word ab- 
stract of proposed papers should be 
submitted to Harold Levenstein, W. L. 
Maxson Corp., 460 W. 34 St., New 
York 1, not later than May 31, 1960. 

Suggested topics include: theoretical 
aspects, practical realization and ex- 
perimental results, and analytical tech- 
niques. 


Design Engineering Conference 
Preliminary Program 


The Fifth Design Engineering Confer- 
ence is to be held at the New York 
Coliseum on May 23-25. The prelimi- 
nary program has been made available. 


Monday, May 23, 1960 

Panel Session: “New Horizons in 
Engineering Design.” Panel members 
are: W. R. Gall, Oak Ridge National 
Laboratory; V. D. Schwartz, Combus- 
tion Engineering, Inc.; G. P. Sutton, 
Advanced Research Projects Agency, 
Dept. of Defense; E. P. Wheaton, 
Douglas Aircraft Co. 


Tuesday, May 24, 1960 

Reliability Session: “Reliability 
Predictions,” T. C. Reeves, Radio Corp. 
of America; “Impact of Reliability on 
Design,” H. R. Powell, Space Tech- 
nology Laboratories. 

Materials Fabricating Session: “New 
Welding Processes,” J. C. Chyle, A. O. 
Smith Corp.; “Metal Part Fabrication 
by Explosives,” V. Philipchuk, Ameri- 
can Potash & Chemical Corp. 

Hydraulics Session: “Hydraulic 
Components for Extreme Service,” Ed- 
ward Brown, Vickers, Inc.; “Fluids 
and Seals for Extreme Service,” R. L. 
Leslie, Vickers, Inc. 


Wednesday, May 25, 1960 

Control Systems Session: “Analysis 
of Control Systems by Analog Com- 
puters,” W. Sollecito, General Electric 
Co.; “Computers in Control Systems,” 
A. S. Robinson, Bendix Aviation Corp. 

Metals Session: “Some Characteris- 
tics of High-Strength Steels,” A. M. 
Hall, Battelle Memorial Institute; 
“Composite Materials,” W. E. Dirkes, 
Wright Air Development Center. 

Automation Session: “Modular Di- 
mensioning for Automatic Assembly,” 
A. A. Lawson, Melpar, Inc.; “Basic 
Design Parameters for Automatic As- 


sembly,” R. Esken, Sheffield Corp. 


Thursday, May 26, 1960 
Panel Session: “Use of Computers 
in Design.” Panel members are: E. F. 
Magnusson, General Engineering Co.; 
G. Ryckman, General Motors Corp.: 
A. Finerman, Republic Aviation Corp. 


Analog Computer Applications 
Courses Planned 


The computation division of Electronic 
Associates, Inc. is planning, on a tu- 
ition basis, two computer applications 
courses intended for the practicing 
engineer with a background in funda- 
mental engineering mathematics and 
in the representation of physical prob- 
lems. No prior experience with analog 
computers is necessary. 

The course on Analog Computer Ap- 
plications in Process and Process-Con- 
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CHRIS TIE Specialists in Power Supplies for 30 Years 


300 AMP. POWER SUPPLY 


Model MH32-300KP4 


Electrical Specifications: 
NOMINAL D-C OUTPUT: 

28 v. @ 300 amp. (continuous) 
VOLTAGE ADJUSTMENT RANGE: 
22 to 32 v. d-c 

VOLTAGE REGULATION: 
+0.5% — combination of rated 
load and a-c input variations 
(Sensing: local or remote) 
VOLTAGE RIPPLE: 

1% rms. (— 20°C to +55°C) 


VOLTAGE RECOVERY (63%): 
0.1 sec.— full load application 
or removal 


D-C CURRENT OVERLOAD 
CAPACITY: 

125% for 5 min. every 20 min. 
250% for 5 sec. every 20 sec. 
350% for 1 sec., 500% peak 


A-C INPUT: 
400-490 v., 3-ph., 57-63 cps. 
(other voltages available) 


A-C CURRENT AT 440 V.: 

25 amp. 

AMBIENT TEMPERATURE RANGE: 

Operating: —55°C to +55°C 
WITH ENGINEERED AND CONTROLLED Storage: —62°C to +70°C 


ENVIRONMENT, SHOCK, 

VIBRATION: 
RELIABILITY irre 

RADIO INTERFERENCE: 


Built to MIL-1-26600 
@ Static-Tubeless Mechanical Specifications: 


@ All Silicon CABINET STYLE: STATIONARY 
Also other styles below 


@ Built to MIL-E-4970 SIZE & WEIGHT: 
*W x 19"Dx 31° H.— . 
@ Overload and Short Circuit Protection poole en eee 
\ Standard Features: 


@ 500% Overload Capability VOLTMETER & AMMETER: 
342” ruggedized (MIL-M-10304) 


. 4 . Recessed behind removable panel 
Write for new D-C Power Supply Bulletin AC-60 ouemann cemuamniinn 


Magnetic & thermal 


CHRISTIE ELECTRIC CORP. PARALLEL OPERATION: 


Includes load sharing provision 


3404 W. 67th Street, Los Angeles 43, California OTHER FEATURES: 


Input Contactor, Pilot Light, Fan, 
Fan Failure Protection. 


Over 200 Models in 
6 Cabinet Styles 
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HOW CERAMIC 
MAGNETS 
ENERGIZE 
NEW IDEAS 


..2in Liquid Flow Registers + Water 
and liquid meters of all kinds can be 
read at a distance with the remote- 
indicating “Read-O-Matic” Register 
developed by the Badger Meter Mfg. 
Co., of Milwaukee. Heart of the 
““Read-O-Matic’s” self-contained gen- 
erator is an inexpensive 6-pole ring 
magnet of Stackpole Ceramagnet. The 
quick release of the magnet under 
spring tension induces a 3-volt pulse in 
6 coils. This is accurately transmitted 
to a remote totalizing counter. 


.».4in Appliances «+ Powerful, lowcost Cera- 
magnet ceramic permanent magnets 
open, close and hold doors; put snap 
into snap-action switches and thermo- 
stats; catch lids from can openers; in- 
crease lint catcher efficiency . . . make 
dozens of other magnet uses commer- 
cially practical for the first time. Cera- 
magnet magnets require no keepers; 
retain magnetism indefinitely, can be 
molded in practically any shape. 


...in Automotive Equipment «+ High 
coercive force and high electrical re- 
sistivity make Ceramagnet ideal as 
field magnets in small dc motors. In 
addition, these ceramic magnets are 
likewise being investigated for use on 
fuel-pump drives, speedometers, am- 
meters, carburators, and other devices. 


Where can YOU use Ceramagnet? For practical suggestions, 
and engineering details, write for Stackpole Bulletin, RC-11A. 
STACKPOLE CARBON COMPANY, St. Marys, Pa. 


Ceramag® ferromagnetic cores 
Slide & Snap Switches « Electrical 
contacts + Coldite 704 fixed com- 
position resistors * Variable com- 
position resistors +» Brushes for 
all rotating electrical equipment 
Graphite bearings, seal rings & 
anodes . . . and many other car- 

FERRITE PERMANENT MAGNETS bon, graphite and electronic 
components. 
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trol Studies is scheduled for April 
4-15. On June 6-17 the course to be 
presented is Analog Computer Appli- 
cations in the Design of Aircraft, Mis- 
siles and Weapons Systems. 

Further information is available 
from Director of Training, Princeton 
Computation Center, Electronic As- 
sociates, Inc., Princeton, N. J. 


Solid-State Institute Planned 


An institute sponsored by the Depart- 
ment of Electrical Engineering, Mar- 
quette University, is to be held June 
1-2, 1960. The program, “Recent Ad- 
vances in Solid-State Devices,” will 
include topics such as_ high-power 
controlled rectifiers, parametric ampli- 


| fiers, tunnel diodes and their applica- 


tions, direct energy conversion (thermo- 
electric devices), and solid-state grown 
circuits. 

Additional information is available 
from Stanley Krupnik, Jr., Asst. Chair- 
man, Dept. of Electrical Engineering, 
Marquette University, Milwaukee 3. 


Standards and Electronic 
Measurements Conference 


The technical sessions planned for 


| the 1960 Conference on Standards and 


Electronic Measurements, June 22-24, 
National Bureau of Standards Labora- 
tories, Boulder, Colorado, are as fol- 
lows: 

I—Current and Future Problems in 
Standards and Electronic Measurement 
(traceability of calibrations to Nation- 
al Standards, anticipated requirements, 
overcoming adverse environments). 

II—Direct-Current and _ Low-Fre- 
quency Standards and Calibrations 
(current, voltage, power, resistance, 
impedance and attenuation). 

I1I—Methods of Measurement for 
Materials (complex permittivity and 
permeability, tensor permeability, ten- 
sor conductivity). 

IV—Frequency and Time Standards 
(molecular, atomic and quartz stand- 
ards, measurement and utilization). 

V—Microwave Standards and Cali- 
brations. 

VI—High-Frequency Standards and 
Calibrations (voltage, current, power, 
impedance, phase shift, attenuation, 
field strength). 


Correction in Space Technology 
Conference Dates 


The dates for the First AIEE Confer- 
ence on Electrical Engineering in 
Space Technology, to be held at the 
Baker Hotel, Dallas, will be April 12- 
14 and not 11-13 as reported last 
month. The session on “Developments 
in the Fields of Communications, Feed- 
back Control, Electric Energy Conver- 
sion, and Instrumentation” is sched- 
uled for April 13. 


(Continued on page 202) 
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NOW.. 
from MIcKERS 


18 and 35 amperes 


SILICON POWER RECTIFIERS 


CATALOG NUMBERS QUALITY 


a RELIABILITY 

eo an UNIFORMITY 

PA eo 0 IMMEDIATE DELIVERY 
a oe ee SILICON RECTIFIER STACKS 


OM AASO BAA 
500V ‘ 
Leh) AA60 


of all cell sizes available 
in all popular circuits and 
voltage ratings with 
current ratings from 

2 to 100 amperes. 


Hole 6 )) 
\ 
\ 7 


DIMENSIONS 


7/16 HEX 


Write for new 3300 Series Bulletins 
10.32 ( 190) ord a or contact the nearest 


THREADS THREADS ~—. 


Types AA, BA & CA Types DA & EA Vickers Sales Representative. winlns 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET / SAINT LOUIS 3, MISSOURI 


Sales Engineering Offices: ST. LOUIS—CEntral 1-5830 e DETROIT—KEnwood 4-8070 e WASHINGTON, D. C.—EXecutive 3-2650 
CHICAGO— JUniper 8-2125 « NEW YORK—LEnnox 9-1515 e SYRACUSE—GRanite 4-4887 
CLEVELAND—EDison 3-1355 e LOS ANGELES—DAvenport 6-8550 e BOSTON —CEdar 5-6815 « SAN MATEO—Fireside 1-3433 
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10 11 12 13 
24 25 2627 


April 4-5-—Solar Energy Symposium 
(sponsored by University of Florida 
and ASME), Engineering and In- 
dustries Bldg., University of Florida, 
Gainesville. 


April 4-7—Atomic Exposition, spon- 
sored through the Nuclear Congress, 
Coliseum, New York City. 


April 6-8—-National Meeting of In 
stitute of Environmental Sciences, 
Biltmore Hotel, Los Angeles. 


April 7-8 
Industry Western 
New Riviera 
Springs, Calif. 


April 11-12—Inter-Society Color 
Council Annual Meeting, Philadel- 
phia Museum College of Art, Phila- 
delphia. 


Society of the Plastics 
Section Confer- 
Hotel, Palm 


ence, 


April 11-14—Conference on Elec- 
trical Engineering in Space Tech- 
nology, Baker Hotel, Dallas, Texas. 


April 12-13—AIEE Materials Han- 
dling Conference, Hotel Sheraton, 
Philadelphia. 


April 12-13—-Annual Spring Tech- 
nical Conference on Electronic Data 
(sponsored by IRE), 


Hotel Alms, Cincinnati. 


P sl £ 
— po 
rocessin 


April 12-13—Siatic Relay Sympo- 
sium (sponsored by Electronic Com- 
ponents Research Dept., U. S. Army 
Signal Research and Development 
Laboratory), Hexagon Auditorium, 
Ft. Monmouth, N.J. 


April 18-19—Conference on Auto- 
matic Techniques, Cleveland-Shera- 
ton Hotel, Cleveland, Ohio. 


April 19-21—American Society of 
Lubrication Engineers Meeting and 
Exhibit, Netherland Hilton Hotel, 
Cincinnati. 


April 19-21—Symposium on Active 
Networks and Feedback Systems 
(sponsored by the Dept. of Defense 
Research Agencies and IRE), Audi- 
torium of the Engineering Societies 
Bldg., New York City. 


Papers Solicited for National 
Electronics Conference 


The Sherman Hotel, Chicago, will be 
the location of the National Electron- 
ics Conference to be held October 10- 
12. Papers are being solicited on such 
subjects as: adaptive servomecha- 
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April 20-22—Annual SPI Fluoro- 
carbons Division Meeting, Hotel 
Roosevelt, New Orleans. 


April 20-22 — National Medical 
Electronics Conference (sponsored 
by IRE), Shamrock-Hilton Hotel, 
Houston, Texas. 


April 20-22 -—Southwestern IRE 
Regional Conference and Electronics 
Show, Shamrock-Hilton Hotel, Hous 
ton, Texas. 


April 25-26— Annual Technical 
Conference on Rubber and Plastics 
Industries, Sheraton Hotel, Akron, 


Ohio. 


April 25-29 — Annual Convention 
and Welding Exposition (sponsored 
by the American Welding Society), 
Biltmore Hotel and Great Western 
Exhibit Center, Los Angeles. 


April 26-27 — Westinghouse Ma- 
chine Tool Forum, Conrad Hilton 
Hotel, Pittsburgh, Pa. 


April 27-28-—National Meeting on 
Space-Age Materials, Hotel Gibson, 
Cincinnati. 


May 2-3—American Standards As- 
sociation Company Member Confer- 
ence, Sheraton Hotel, Philadelphia. 


May 2-4—National Aeronautical 
Electronics Conference (sponsored 
by IRE), Biltmore and Miami Ho- 
tels, Dayton, Ohio. 


May 2-5 — International Scientific 
Radio Union—IRE Spring Meeting, 
Sheraton Hotel, Washington, D. C. 


May 3-5—Eighth National Con- 
ference on Electromagnetic Relays 
(sponsored by NEMA), Student 
Union Bldg., Oklahoma State Uni- 
versity, Stillwater. 


May 3-5—Western Joint Computer 
Conference (sponsored by AIEE, 
ACM and IRE), Jack Tar Hotel, 
San Francisco. 

May 9-11—National Symposium, 
IRE Professional Group on Micro- 


wave Theory & Techniques, Hotel 
del Coronado, San Diego, Calif. 


nisms, computers, information theory, 
instrumentation, microminiaturization, 
servomechanisms, solid-state circuits, 
solid-state devices and materials, and 
value engineering. 

Authors of papers to be presented in 
the program should submit abstracts 


May 9-12—Second Instrument So- 
ciety of America Instrument-Auto- 
mation Conferences and Exhibits of 
1960, Brooks Hall and Civic Audi- 
torium, San Francisco. 

May 9-13-—Second Southwestern 
Metal Exposition & Congress, Shera- 
ton-Dallas Hotel, Dallas, Tex. 


May 10-12—Electronic Components 
Symposium (sponsored by AIEF, 
EIA and WEMA), Hotel Washing- 


ton, Washington, D.C. 


May 11-14—Spring Meeting of 
Fluid Controls Institute, The Green- 
briar, White Sulphur Springs, W. Va. 


May 16-17 — Annual Appliance 
Conference (sponsored by ASME), 
Mansfield-Leland Hotel, Mansfield, 
Ohio. 


May 23-25—IRE Seventh Regional 
Technical Conference and Trade 
Show, Olympic Hotel, Seattle, Wash. 


May 23-25—National Teleme- 
tering Conference, Hotel Miramar, 
Santa Monica, Calif. 


May 23-26—Design Engineering 
Conference and Show (sponsored 
by ASME Machine Design Div.), 
Coliseum, New York City. 


June 1-2—Institute of Recent 
Advances in Solid-State Devices 
(sponsored by Department of Elec- 
trical Engineering), Marquette 
University, Milwaukee. 


June 1-3—Sixth Annual Instrument 
Society of America Instrumental 
Methods of Analysis Symposium, 
Montreal, Canada. 


June 6-10—Machinability Seminar 
(sponsored by Pennsylvania State 
University) , Conference Center, Uni- 
versity Park, Pa. 


June 12-17 — Design Engineering 
Seminar, Pennsylvania State Uni- 
versity, University Park, Pa. 


of 100 to 150 words and a 400- to 
500-word summary (or the completed 
paper) for review to Professor 
Thomas Jones, Jr., Program Chair- 
man, NEC, School of Electrical Engi- 
neering, Purdue University, Lafayette, 
Ind. 
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HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY: 


The exceptional uniformity you get in tape-wound Centri- 
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 
—and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity: 


Careful classification of materials—Raw alloys are first 
“‘pedigreed’’—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We’re the largest buyer of nickel alloy magnetic materials 
in the world...which permits us to choose material 
for Centricores from an unusually wide distribution of 
magnetic properties. 


Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti- 
mate performance of Centricores. 
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Closely-controlled annealing — Annealing—perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform- 
ance to uniformly high levels. 


Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu ‘79’, a new 
high-performance alloy we’ve developed. It has outstand- 
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“79” offers an effective solution to problems of variation 
in magnetic performance. 


WRITE FOR BULLETIN C-3 
: MATERIAL 
| 


THICKNESS 


HIGH NICKEL 

Hymu 80 

Squaremu 79 

Super Squaremu 79 
LOW NICKEL 

Squaremu 49 

Carpenter 49 
GRAIN-ORIENTED SILICON 

Crystaligned 

Microsil 


*Special sizes, shapes and thicknesses quoted on request. 


‘MAGNETIC METALS COMPANY 
Hayes Avenve at 21st Street, Camden 1, N.J. 


transformer laminations * motor laminations « tape-wound cores 
powdered molybdenum permalloy cores » electromagnetic shields 


ie 
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a SS in 
a 


Circle 203 on Inquiry Card 





800 to 1 hp favorites 

for quiet operation, 

low maintenance and 
long-life service .. . 
From the case of the 

A. O. Smith Motor Man —a 
complete stable of integrals 
that include single-phase 
models (1-5 hp) or polyphase 


a 
(1-800 hp). Also a team of 
A 0 fractional-hp motors. All are sure 
ewe bets to give top performance 
6 


over the long, long haul. 


@eseeeeee 


ELECTRIC MOTORS , “os 
Tipp City, Obie And there’s an A. O. Smith Motor 


A.O. SMITH INTERNATIONAL, S.A. Man near you — chomping at 
Milwaukee 1, Wisconsin, U.S.A. the bit to give you 24-hour action 
on all parts and service orders. 
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- Greatly 


New Series ST Power Relay ideally suited for starting motors up to 1 horse- 
power, elevator controls, and many other applications requiring high current 
or high voltage switching with maximum dependability. 
The Series ST is presently available in DPDT models only, and features: 
@ One piece molded Bakelite base which provides high barriers between 
electrical connections. 


@ Gold flashed Fine Silver contacts 5/16” in diameter. Rated 15 amps 
1115/60. 


@ Screw type electrical connections mounted conveniently on base. 
@ Available voltage ranges 6-110 VDC and all standard A.C. voitage to 
440 VAC. 
Engineering specifications and other electrical characteristics are found in 
Bulletin #80, available from Line Electric on request. 


He 


LINE ELECTRIC COMPANY 
271 SOUTH 6TH STREET, NEWARK, N. J. 


AFFILIATE ¢ INDUSTRIAL TIMER CORPORATION 
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Men in Industry 


Morgan E. McMahon has been ap- 
pointed manager of the engineering 
department of Pacific Semiconductors, 
Inc., Culver City, Calif. Mr. McMahon, 
who was manager of product engineer- 
ing, joined PSI in 1954 and organized 
the product engineering section and 
supervised production engineering of a 
family of fast silicon diodes, and more 
recently, of a vhf silicon transistor. At 
the same time, Elmo E. Maiden, man- 
ager of special products, was appointed 
assistant manager of the engineering 
department at PSI with special respon- 
sibility for the micro-electronics pro- 
gram and the establishment of a micro- 
diode plant. 


Robert C. Langford, an authority on 
instrumentation, has been appointed 
director of engineering of the Newark 
Operations of Weston Instruments Di- 
vision of Daystrom, Inc. Dr. Langford 
succeeds Francis X. Lamb, formerly the 
Newark plant’s vice president of engi- 
neering. Mr. Lamb was named engineer- 
ing consultant to the vice president of 
operations at Newark. 


Francis L. Jackson has been named 
assistant director of the Franklin Insti- 
tute Laboratories. Mr. Jackson assumes 
this post in addition to his present du- 
ties as technical director of nuclear 
and mechanical engineering activities. 


Stanley B. Lichenstein has been ap- 
pointed assistant chief engineer of 
Globe Industries, Inc., Dayton, Ohio. 
Prior to joining Globe, Mr. Lichenstein 
was manager of production engineering 
for the Clevite Corporation in their 
underwater weapons systems program. 


Appointment of John G. Hutton as 
general manager of General Electric’s 
Specialty Control Department, Waynes- 
boro, Va., has been announced. Dr. 
Hutton has served as manager of elec- 
trical engineering for the company’s 
General Engineering Laboratory at 
Schenectady. During World War II his 
assignments included electron optics 
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OD) mucio, On 


telemetry ce 
and 

low frequency 
oscillators 


Pictured here are six of the most widely used oscillators om 
in electronics. All employ the highly stable, dependable, Interpolation 
; , eee ; Oscillator 

accurate resistance-capacity circuit. They require no zero 

setting. Output is constant, distortion is low and frequency 

range is wide. Scales are logarithmic for easy reading; all 

are compact, rugged and broadly useful basic instruments. 

Brief specifications are given below; call your ® rep for 

demonstration or write direct for complete data on any 

instrument. © met 
Telemetry 


Wemnenty Output to , | Maximum Oscillator 
Range 600 ohms Distortion 
1% 20 cps 
20 cps to 
1 ir) to 20 KC 70 
to 40 K 
5 cps to 0.5% = 
160 mw * 500 K 75 
600 KC +2% 10 volts 600 ohms 1% 500 KC 0.1% watts $170.00 
(5 bands) 
and above be sg 
= 160 mw * . 
(6 bands) steps : joa | [ono ¥ ce d 
50 cps to < ‘i ® 201C 
160 mw 
+1% f 59 .03 r . 
mot | gee] 81] 18s |woonme] osx | eon | ty | too Audio 
0 cps to ‘sn Oscillator 
3 watts 75 é 
(3 bands) sana a ee “an ats | $225.00 
cps to 
160 mw ® 75 


*Internal impedance is 600 ohms. Frequency and distortion unaffected by load resistance. 
Balanced output with amplitude control at 100. Use line matching transformer for other con- 
trol settings. **internal impedance approximately 600 ohms with output attenuator at 10 db 
or more. Approximately 75 ohms below 5000 cps with attenuator at zero. tinternal, non-op- 
erating controls permit precise calibration of each band. ¢0.5%, 50 cps to 20 KC at 1 watt 
output. 1.0% over full range at 3 watts output. §0.5%, 10 cps to 100 KC. 1.0%, 5 to 10 cps. 
2.0% at 2 cps. 3.0% at 1 cps. [Measured with respect to full rated output. 


HEWLETT-PACKARD COMPANY 


1015A Page Mill Road * Palo Alto, California, U.S.A. 
Cable ““HEWPACK" * DAvenport 5-4451 
Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable ‘‘HEWPACKSA" © Tel. No. (022) 26. 43. 36 


Field representatives in all principal areas 


pioneered the world-famous resistance-capacity oscillator circuit 
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WRM = 


your Company's 


PHOSPHOR ats) 


BRONZE 


—bhecause it’s Custom-Processed 
for YOUR application 


Waterbury Rolling Mills can tailor phosphor bronze so 
closely to your specific requirements that it practically be- 
comes your private brand. You'll get the finish, grain size 
and physical properties that will suit your purpose to a “T” 

Waterbury has the latest in rolling and annealing equip- 
ment plus the intimate knowledge of the metal that comes 
with over 50 years of specialization. That's why WRM can 
make phosphor bronze that will behave exactly as you want 


it to under your tools and in your product. 


Available in strip, sheet or coil 


For complete information on Waterbury 
Rolling Mills facilities, abilities and metals, 
send for this new, 60-page catalog. A phone 
call or a note on your letterhead will bring 
it to you, without obligation. 


In Beston — CUnningham 6-7575 
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and development of electrical systems 
for combat aircraft. 


Frank J. Hierholzer, Jr., has been 
named assistant department head of the 
Microtronics Department of Sperry 
Semiconductor, South Norwalk, Conn., 
a division of Sperry Rand Corp. Mr. 
Hierholzer was senior engineer in the 
solid-state electronics engineering sec- 
tion of the Materials Engineering De- 
partment of Westinghouse Electric 


| Corp. 


Carl Boyer, Jr., has been appointed by 
Minneapolis-Honeywell Regulator Co. 


| as chief engineer of its Rubicon Instru- 


ments Division in Philadelphia, a pro- 
ducer of laboratory and scientific instru- 
mentation. He had been chief evaluation 
engineer for the company’s Brown 
Instruments Division and was employed 
by the Rubicon Company for a number 
of years before its acquisition by 
Honeywell. 


Royal S. Buchanan has been named 


to the new position of assistant director 
| of appliance engineering and research 


for the Kelvinator Division, American 
Motors Corp., Detroit. Mr. Buchanan 
has been in the appliance industry in 
various engineering and manufacturing 
capacities since 1930, when he joined 
Westinghouse. 


Phillips Control Corp. of Joliet, Ill. 


| has announced the promotion of James 
| H. Rowell to the position of assistant 


chief engineer. Prior to joining Phillips, 


| Mr. Rowell had worked as an applica- 


tions engineer with the Electric Serv- 
ice Engineering Co. and the Delta Star 
Electrical Division of H. K. Porter Co. 


Company Briefs 


Victoreen Instrument Co., Cleveland, 
Ohio, maker of nuclear instrumentation 
and electronic components, has ac- 
quired all of the outstanding capital 
stock of John E. Fast & Co., a Chicago 
electronics firm engaged in development 
and manufacture of capacitors. Victor- 
een’s components program is _ being 
integrated into the capacitor line of 
Fast. 


Formation of Irradiated Insulations, 
Inc., to produce insulated wire for 
special requirements in the electronics, 
aviation and missile fields has been 
announced by Carlisle Corp. of Carlisle, 
Pa., and Radiation Applications, Inc. The 
new firm will utilize the production, 
engineering and marketing experience 
in high-temperature wire and cable of 
Carlisle’s subsidiary, Tensolite Insulated 
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help give BLACK & DECKER 
INDUSTRIAL TOOLS 
power, long life, 


maintenance-free service 


For more than forty years Black & Decker electric tools have 

been recognized by users as the most dependable and adequate 

tools of their kind. This reputation has been earned through 

rigid quality control, intensive research, testing and design 

engineering. To help make these tools first in performance and 
Raa” quality the world over, Black & Decker specify 

USG motor brushes. (Some of the industrial electric tool 


applications are pictured here.) 


United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 
industry. Because the brushes in any electric powered unit are 
AE a so vital to the long life, power and maintenance-free 
service of that unit, it pays to specify USG brushes 
of carbon, carbon-graphite, electro-graphite, graphite, 


metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
tained in these two books. 
5” Portable Grinder 
B-246-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8 MICHIGAN 
GRAPHITAR® carbon-crapnite © GRAMIX® powper meraLLurcy *MEXICAN® granite ProoucTs © USG® sausnes 
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IS YOUR 
BEST SOURCE 


FOR 


SOLDERING LUGS 


TERMINALS 


PRINTED CIRCUIT 


HARDWARE 


HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@ Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


®@ Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 

Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


REQUEST 
BULLETIN 
552 


wee MANUFACTURING COMPANY 
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Wire Co., Inc., while RAI, a technical 
concern specializing in nuclear, chemi- 
cal and plastics research for industrial 
applications, will provide the research 
staff and facilities for developing new 


| products. A line of wire and cable in- 
sulated with irradiated polyethylene is | 
the first product to be marketed by the } 

new concern. 


Technology Instrument Corp., Acton, | 


announced the 


Mass., 


has corporate 


name changes of two subsidiaries. Tuc- | 
| son Instrument Corp., Tucson, Arizona, | 
will be renamed Technology Instrument | 


Corp. of Arizona. The name of Servotrol, 
Inc., Franklin Park, IIL, 


of Iinois. 


Houghton Laboratories has changed its | 
name to Hysol Corp. The Olean, N. Y.., | 


firm was founded in 1949. 


Establishment of a research and de- 
laboratory in 
Washington, D. C., area has 
announced by the Link Division of 
General Precision, Inc. The facility is 
College Park, Md. Its 
primary function will be the develop- 
and _ elec- 
range 


velopment 


electromechanical 
tronic equipment for missile 
instrumentation, missile and space ve- 


| hicles, ground support, and other re- 


lated applications. The apparatus de- 


will be 
changed to Technology Instrument Corp. | 





the greater | 
been | 


veloped at the Washington laboratory | 


| will be manufactured at Link plants in 
Binghamton, N. Y. 


Servo Corporation of America, Hicks- 


| ville, N. Y., developer and manufacturer 
| of advanced electronic instruments and 

systems for military and industrial use, | 
| has announced acquisition, subject to 


the approval of the California Corpor- 
ations Commissioner, of a West Coast 
subsidiary, Electro-Pulse, Inc., Culver 


| City, Calif. Electro-Pulse, a developer 
| of pulse generators, electronic counters, 
| and plug-in circuit modules, will con- | 
| tinue to operate as an independent 
| wholly-owned subsidiary. 


ACF Industries, Inc., Bladensburg, 


| Md., has announced the opening of a 
| facility to house segments of two ACF 
| divisions engaged in advanced research | 
| and development projects for the De- | 
partment of Defense. The Research and | 


Development Department of ACF’s 
Erco division and the Alexandria 
branch of its Avion division will occupy 
buildings in the Bladensburg Industrial 
Center. The Erco group is engaged in 
studies of upper-atmosphere propa- 
gation and global communications. 


| Avion is involved in data processing, 
| communications, 


quick-reaction  proj- 
ects, printed circuitry, environmental 
test equipment and prototype produc- 


2 m 
een 
JT au oT Po 


wi oo certain. Re 
{MAJOR MERGER IN} 
SWITCH INDUSTRY 


Controls Company of America. 
Merges Hetherington Div. With 
Electrosnap Corp. to form 
New Control Switch Division. 


One of the precision switch in- 
dustry’s most complete product 
lines has come into existence 
with the announcement by 
Louis Putze, President of Con- 
trols Company of America, 
Schiller Park, Ill., that its sub- 
sidiary Hetherington, Inc., has 
been merged with Electrosnap 

| Corporation, Chicago. The 
Electrosnap organization was 
recently merged with Controls 
Company of America ac 
“This merger is important to 


wg eon 


ion 


+ 


WHAT'S IN IT FOR YOU? 


You may now select from the 
industry’s most versatile and 
complete line of precision 
snap-action switches, indicator 
lights, push-button switches, 
toggle switches, Switchlites, 
and environment-free limit 
switches. You can now make 
broader product groupings for 
greater quantity discounts. 
With this new single source, 
you will now deal with just 
one sales engineer for all your 
switch needs. 

Three plant locations— Fol- 
croft, Pa., Chicago, IIl., and 
El Segundo, Calif.—will pro- 
vide regional engineering and 
manufacturing facilities to 
speed delivery and service. 

Local sales offices with fac- 
tory-trained personnel have 
been set up to provide on-the- 
spot application engineering 
in all major markets. An ex- 
panded nation-wide distribu- 
tor organization will assure 
you of immediate delivery 
from local sources. 


ELECTROSNAP 
HETHERINGTON 


ORNS 


DIVISION 
CONTROLS COMPANY OF AMERICA 


4218 W. Lake Street © Chicago 24, Illinois 


4021 W. LAKEST. © CHICAGO 24, ILL. | tion equipment. Telephone: VAn Buren 6-3100 © TWX No. CG-1400 
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SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


Space-Saver Toggle 
Gives Big Switch 
Performance 


When it comes to 
making a real sav- 
ing in space, this 
new SP-DT Con- 
trol Switch Divi- 
sion Toggle Switch 
is the answer. It 
is only '%2" in 
diameter by 1%2" 
long. It weighs less than % oz. Yet 
it breaks 5 amp. resistive loads at 
28 volts de (2% amps @ 115 v ac) 
for 50,000 operations. 

Best of all, the tease-proof 
cam-roller snap-action gives the 
T3103 the “feel” of a real heavy- 
duty switch. Details are in Data 
Sheet S-3a. 


The Switch Design That Says 


No Tease ... No Deceptive Clicks 


Higher ratings in smaller, lighter-weight 
switches are made possible by this little 
beryllium device...the heart of every Con- 
trol Switch Division snap-action switch. 


A polished tapered rod operates through 
two compression springs in the shorting 
bar and against the return spring. Its 
lightning-fast, double-break snap action 
reduces arcing and contact welding to 
negligible proportions—even with high 
momentary overloads. Contact pressure 
is actually greatest at the point of “make” 
or “break” thus preventing deceptive 


“clicks” or contact teasing. 


Relay, Switch, and Pilot Light Functions 
in One Unit Only 7." x 37," 


This “control engineer’s delight” 
does the work of two conventional 
switches plus a holding relay and 
an indicator light. All of this is ac- 
complished in only a fraction of the 
space, weight, and wiring needed 
for separate components. 

Once the button is pressed, a 
built-in 28-volt solenoid holds the 
switch on contact until either the 
coil circuit is externally interrupted 
or the button is pulled out. A 
built-in indicator light shows when 
the coil circuit is energized. 

Modifications of this basic hold- 
ing coil switch design include a 
variety of circuit arrangements. 
Pull-on and push-on pushbutton 
types as well as a toggle type are 
available. Their many aviation and 
industrial uses center around jobs 


where the switch is manually 
“closed” to start an operation; 
then electrically “opened” at the 
end of the sequence. In an emer- 
gency, the switch may be manu- 
ally opened in the middle of the 
sequence if desired. 


ELECTROSNAP 
HETHERINGTON 
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W-I-D-E Angle Visibility 
from Indicator Lights 
only 114," Long 


Almost 50 percent of the surface 
of these tiny units is useful illumi- 
nated area. Thanks to a specially- 
beveled lens cap, light is “pi ed” 
evenly throughout the entire lens. 
Full 180-degree visibility is assured 
on either standard or edge-lit 
panels. 

These miniature Series L6000 
lights come in both 2-terminal 
ungrounded, or 1-terminal case- 
ground styles. Single piece termi- 
nals and contacts cannot be torn 
loose by heavy wires. Request 
Bulletin L-2b. 


CONTROLS COMPANY OF AMERICA 
4218 W. Lake Street © Chicago 24, Illinois 


Telephone: VAn Buren 6-3100 e 
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Tarzian high-current line combines 
thermal efficiency with mounting 


versatility and optional base polarity 


The low junction current density of Sarkes Tarzian’s high- 
current silicon power rectifiers results in longer, more reliable 
operating life. Compare these key Tarzian values with those of 
other comparably rated units, and you’ll see why Tarzian 
rectifiers have won such wide acceptance among designers: 


JUNCTION | THERMAL GRADIENT JUNCTION 
BC CURRENT (Junction to base) TEMP. RISE 


35 amps -375 inch 9° Centigrade 60°C Maximum 
100 amps -75 inch 5° Centigrade 60°C Maximum 
150 amps .875 inch 7° Centigrade 60°C Maximum 
200 amps 1.0 inch 9° Centigrade 60°C Maximum 

*250 amps 1.125 inch 11° Centigrade 60°C Maximum 
*Avallable with stud mounting only 


In addition to providing for maximum cooling and larger junction 
area, Tarzian’s unique case styling produces a compact, 

easily mounted rectifier available in flush or stud mounting types. 
Tarzian high-current silicon power rectifiers are also available 
from stock in your choice of negative or positive base polarity. 


For complete specifications and ordering information, 
contact your Sarkes Tarzian sales representative or write to 
Section 4574 H, Sarkes Tarzian, Inc., Semiconductor 
Division, Bloomington, Indiana. 


SARKES TARZIAN, INC. 


SEMICONDUCTOR DIVISION 
BLOOMINGTON, INDIANA 
in Canada: 700 Weston Rd., Toronto 9, Ontario 
Export: Ad Auriema, inc., New York City 
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Book Reviews 


Research Highlights of the Na- 
tional Bureau of Standards, 
Annual Report 1959. National 
Bureau of Standards Miscellaneous 
Publications 229, Superintendent of 
Documents, U. S. Government Print- 
ing Office, Washington 25, D. C., 169 
pages, 55¢. 

This illustrated report describes various 

scientific studies, laboratory experi- 

ments and instrumentation develop- 
ments which made up the 1959 re- 
search program. Publications in the 

Bureau’s series, or in outside publica- 

tions, are listed, as are patents granted 

to NBS inventors. 


Instrumentation Abstracts, 80 E. 
Jackson Blvd., Chicago 4, Ill. Sub- 
scription, $50.00 per month. 

This information retrieval — service, 
offered by the same group which pre- 
pares the Gas Chromatography Ab- 
stracts, will include articles on instru- 
ments and instrumental methods of 
analysis and measurement, and instru- 
ments for process control. The service 
will search books, articles in American 
and selected foreign journals, papers 
presented at technical meetings, and 
patents. Abstracts will be distributed 
weekly on 5x8 in. Unisort punched 
cards. 


Theory and Design of Small In- 
duction Motors. Cyril G. Veinott. 
McGraw-Hill Book Company, Inc., 
330 West 42 St., New York 36, N. Y. 
477 pages, price $13.50. 

In Part I of this 4-part text, engineer- 
ing principles and characteristics are 
treated in a non-mathematical and de- 
scriptive fashion, similar to the treat- 
ment given by the author in his well- 
known work on “Fractional Horse- 
power Electric Motors.” Part II takes 
up theory and performance calculation 
methods for both polyphase and single- 
phase motors. Use of desk calculators 
in design is discussed in one chapter 
and another is devoted to the use of 
digital computers in design. 

Part III covers evaluation of the 
basic motor constants and represents 
the first step toward actual motor de- 
sign. This part shows how to predict 
motor performance when the geometry 
of the machine and winding specifica- 
tions are known. Part IV, on the other 
hand, points out various ways to de- 
termine the geometry of the machine 
and the winding specifications in order 
to achieve the desired performance. 
Practical procedures are included for 
designing laminations, stator and ro- 
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Take a good look at any ordinary tapping 
screw. See for yourself how the last thread 
deteriorates just under the head. That 
deterioration means you lose a portion 
of the engagement in every fastening opera- 
tion. It often means slippage during final 
tightening—a “‘spinner’”’ which must be 
removed and replaced. §§ With the re- 
volutionary P-K Hi-thred, you get full 
engagement with the material—a bulldog 
grip throughout the entire length of the 


screw BECAUSE THE Hi-thred 1s THREADED | 


FULL TO THE HEAD , . . THE THREAD AC- 


TUALLY TERMINATES IN AN ANNULAR OR- 
M@ Next 


IFICE IN THE HEAD ITSELF! 
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KEEP AMERICAN INOUSTRY AT WO 
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time you order, ask for P-K Hi-thred. You 
get this extra measure of holding power 
at no increase in cost! P-K Hi-thred tap- 
ping screws are available in production 
quantities in types A or Z in non- 
countersunk slotted or Phillips Re- 
cessed head styles. §§ Get samples 
and technical data from your nearby 
P-K “Bulk-Stocking” Distributor. Call 
him today! 


PARKER-KALON DIVISION 


General American Transportation Corpora- 
tion, Clifton, New Jersey + Offices and 
warehouses in Chicago and Los Angeles. 


*Pat. Pending 


++ «MADE IN U.S.A, 
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largest selection, standards & specials 


AMPHENOL pioneered Teflon extrusion; we re- 
searched, developed and perfected a technique 
of fabrication resulting in the finest Teflon di- 
electric cables available, cables capable of meet- 
ing the most exacting requirements of industry 
and the military. 

Today, AMPHENOL Cable & Wire Division's 
Cable-bilities provide you with the largest selec- 
tion of RG-/U and special Teflon cables any- 
where. Whatever your Teflon requirement, 
AMPHENOL is your best source for (1) availabil- 
ity, (2) fastest delivery and (3) reliability, based 
upon pioneering and experience. 

AMPHENOL Cable & Wire Division’s leader- 
ship in Teflon cables is another example of 
Cable-bility at work! 


CABLE & WIRE DIVISION 


S. HARLEM AVE. AT 63RD ST., CHICAGO 38 
Amphenol-Borg Electronics Corporation 
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tor, and for windings. The author is 
chief a-c engineer and chief engineer- 
ing analyst of the Reliance Electric 
and Engineering Co. 


Financial Aspects of Producing 
and Buying Printed Circuits. 
Proceedings of the October 1959 In- 
stitute of Printed Circuits Symposi- 
um, Institute of Printed Circuits, 27 
E. Monroe St., Chicago 3, Ill. 44 
pages, $5.00. 

Factors which affect the cost of pro- 

ducing printed circuits are discussed 

in the seven papers comprising this 
814x11 in., paper-bound publication. 


Ten Founding Fathers of the 
Electrical Science. By Dr. Bern 
Dibner, Burndy Library, Norwalk, 
Conn. Illustrated. Published in 1954, 
reprinted 1959, 48 pages, $1.00. 

These short biographies of William Gil- 

bert, Otto von Guericke, Benjamin 

Franklin, Alessandro Volta, André 

Marie Ampere, Georg Simon Ohm, Karl 

Friedrich Gauss, Michael Faraday, Jo- 

seph Henry, and James Clerk Maxwell 

outline the scientific contributions made 
by each of these pioneers. Concise and 
interesting. 


Torsion Devices. P. J. Geary. British 
Scientific Instrument Research As- 
sociation, South Hill, Chislehurst, 
Kent, U. K. 142 nages (1960), paper 
cover, 23s. 6d sterling. 

This is the third in a series of publica- 

tions which survey instrument parts. 

The first two are Flexure Devices and 

Knife-Edge Bearings. Both are 12s. 6d. 
The survey of design, construction 

and use of torsion devices considers 

torsion theory, torsion suspensions, sus- 
pension ligaments, bifilar and _ trifilar 
suspensions, coiled torsion suspensions, 
torsion hinges, and torsion magnifying 

devices. There is a bibliography of 43 

pages plus two pages of patents in 

numerical order. 


Industrial Electronics and Con- 
trol, Second Edition. Royce G. 
Kloeffler. John Wiley & Sons, Inc., 
440 Fourth Ave., New York 16, 540 
pages, price $10.00. 

Basic electronic theory is the topic 

which opens this 18-chapter text. Elec- 

trical conduction in solids and semi- 
conductor devices is examined in chap- 
ters two and three, since the theory 
of rectification, oscillation and ampli- 
fication which follows in the text is 
explained in terms of solid-state theory. 

There is data on solid-state thyra- 
trons and other recent solid-state de- 
vices, as well as material on magnetic 
amplifiers and electronic computers— 
both digital and analog. Where ap- 
propriate, problems and references ap- 
pear at the conclusion of each chapter. 
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MELAMINE 


BEETLE’ 


UREA 


PLASTICS 


REMEMBERED FOR PER- 
FORMANCE — CYANAMID 
MOLDING COMPOUNDS 


CYMEL 3135—3136 (glass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good dimensional 
stability. Typical applications: circuit breaker! 
boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM D704-55T Type 8); Cymel 3136 
(MIL-M-19061, MMI-5). 


CYMEL 592 (asbestos-filled) Additional dis- 
tinctive properties: resistance to atmospheric 
extremes; high dielectric strength. Typical 
applications: connector plugs; terminal 
blocks; a/c, automotive and heavy duty in-) 
dustrial ignition parts. Specifications:' 
MIL-M-14E MME; Federal L-M-181 Type 2; 
ASTM D704-55T Type 2, SP1 SPEC NO, 27025.) 


CYMEL 1077 (alpha cellulose-filled) Additional 
distinctive properties: Surface hardness, heat: 
resistance, unlimited color range. Typical | 
applications: appliance housings, shaver) 
housings, business machine keys. Specifica-| 
tions: MIL-M-14E — Type CMG (in approved, 
colors); Federal L-M-181 Type 1; ASTM D704-| 
55T Type 1, SP1 SPEC NO. 30026, 


CYMEL 1500 (wood flour-filled)~CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical) 
applications: meter blocks, ignition parts, | 
terminal strips. Specifications: Cymel 1500} 
(MIL-M-14E Type CMG, Federal L-M-181 Type 
6, ASTM D704-55T Type 6); Cymel 1502 (MIL-M-} 
14E Type CMG, Federal L-M-181 Type 7; ASTM! 
D704-55T Type 7. i 


BEETLE® UREA (alpha-filled) Additional dis- | 
tinctive properties: Economy of fabriéation, | 
economy of material, myriad translucent and. 
Opaque colors. Typical applications: wiring 
devices, home circuit breakers, tube bases, 
appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 
(Arc resistance limits are in process of 
revision by ASTM), SP1 SPEC NO. 27026. 


WRITE FOR COMPLETE TECHNICAL DATA, 


AMERICAN CYANAMID COMPANY -« PLASTICS AND 
RESINS DIVISION ¢ $30 ROCKEFELLER PLAZA~ 
NEW YORK 20, N. Y. OFFICES IN; BOSTON ¢ CHARLOTTE 
CHICAGO « CINCINNATI « CLEVELAND # DALLAS ¢ DETROIT) 
LOS ANGELES * MINNEAPOLIS « NEW YORK »* OAKLAND) 
PHILADELPHIA « ST.LOUIS ¢ SEATTLE © IN CANADA 


_CYANAMID_OF CANADA LTO., MONTREAL AND TORONTO’ 
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XCELLENT ABRASION - RESISTANCE 


HIGH ARC RESISTANCE 
CHEMICAL RESISTANCE 


GELF-EXTINGUISHING 


= 
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cm 
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CONTROL TEMPERATURES 


TO 0.f C. WITH RELIABLE 


MAGNETIC / 
AMPLIFIERS . 


Typical 60 CPS Relay Magnetic Amplifier. 
(400 CPS Models available, too!) 


Now, by using Acromag’s NEW Relay 
Magnetic Amplifiers, you can design 
ultra-reliable temperature controls. 
In the schematic, the amplifier de- 
tects a one microwatt DC signal from 
the thermistor bridge and controls 
the power relay. You can vary the 
pull-in and drop-out points, and 
change the set-point temperature, 
quickly and easily by adjusting the 
two resistors. You can also measure 
small DC voltages or currents, and 
control relays from sub-microwatt 
DC signals. 


All models are available from stock 
for IMMEDIATE DELIVERY... 


Write, on your company letterhead, for your copy of new Engineering 


> Bulletin #70 describing these new ultra-reliable units. 


TWX: 


> Aa SFO FEED EB EF i scuttrieiv 
Cc; 


i N 


R-? @ BA TE 970-U 


22515 TELEGRAPH RD. SOUTHFIELD (DETROIT), MICH. 


PHONE: ELGIN 7-0030 
Circle 215 on Inquiry Card 


IT’S HERE -- - 
A 10 KW T-LOAD 


mercury contactor 


Compare this data 
66 KW-T 10 KW-T 
Load Rating 
Amp 60 


Coil Power, 
Watts 25 


Contact Resist- 
ance (Ohms) 


Coil Resist- 
ance (Ohms) 


Pull in using 
115V60 Coil 


Drop out 


Operate time 
(seconds) 


Release time _ 
(seconds) 


Write for Bulletin 600 


for DC or AC work 


A new line of Mercury Contactors 
is now available in Durakool’s 
famous Hypressure “Hydrogen Arc 
Quenched” construction. These heavy 
load carrying contactors have mercury 
to metal (tungsten) contacts. 


Available in two sizes— 
10 KW (10,000 watts) and 6.6 KW 
(6600 watts), normally open or 
normally closed contacts and any 
coil specification. Ideal for 
theatre and other lighting 
jobs—and for the switching 
of heavy motor loads. Made 
to handle up to 460 volts 

A.C. or 440 volts D.C. 


Nude or with bakelite in- 
sulation—with or without 
lead wires. 


\ 


4747 Bronx Bivd., New York 70 \— 


1969 Avenue Rd., Toronto 12 


301 Fifth Ave. So., Minneapolis 15 


P.O. Box 1352, 
Postal Station O, Montreal 


Durakool 
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Engineering 
Standards 


EIA Standards 


A recommended standard has _ been 
issued and is new material from Stand- 
dards Proposal 593. 

RS-229, Fixed, Wirewound Precision 
Resistors, $1.10. 

Copies are available from Electronic 
Industries Association, 11 W. 42 St., 
New York 36. 


UL Standards 


UL-498, Attachment Plugs and Re- 
ceptacles. 

This standard is the December 1959 
edition and supersedes the edition 
published in November 1954. 

Copies are available from Under- 
writers’ Laboratories, Inc., 161 Sixth 
Ave.. New York 13. 


NBS Standards 


H28 (1957), Screw-Thread Standards 
for Federal Services, 1957 Part II, 
119 pages, 75¢, has been issued. 
This is the second of a series of three 
into which the 1957 edition of the Na- 
tional Bureau of Standards Handbook 
H28 is divided. It covers standards for 
pipe threads, hose couplings and con- 
nections, and related subjects. 

Copies are available from Superin- 
tendent of Documents, Government 
Printing Office, Washington 25, D. C. 


IEC Standards 


The International Electrotechnical 
Commission has isued two publications. 

72-1, “Recommendations for the 
Dimensions and Output Ratings of 
Electric Motors, Part I: Foot-Mounted 
Induction Motors with Shaft Heights 
between 56 and 315 Millimeters (254 
and 12% Inches).” $2.40. (See “Inter- 
national Standards for Motor Dimen- 
sions Set for Final Approval,” Et ec- 
TRICAL MANUFACTURING, p 118 ff, 
March 1958.) 

112, “Recommended Method for De- 
termining the Comparative Tracking 
Index of Solid Insulating Materials 
under Moist Conditions.” $2.40. The test 
method described is intended to indi- 
cate relative behavior of solid insulat- 
ing materials when exposed, under 
electric stress, to water and other con- 
taminants. 

Copies are available from American 
Standards Association, 70 E. 45 St., 
New York 17. 
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hoover locks lube in. dirt out 
for the lifetime of the bearing 


with contact 
seals of 


OTHER HOOVER 
QUALITY BALL BEARINGS: 


: : : : ' 
Hoover is first to seal ball bearings with TEFLON! Hoover Gadi madiein, Keney salted 


makes sure that lube stays in, dirt stays away from the 
smooth, mirror-like working surfaces of high quality Micro- ® Single and Double Shield 
hens: pod _— and — Honed Raceways. You get ® Single Row Radial 

eatly extende aring life. a a: 
e Why TEFLON for seals? TEFLON is the remarkable new © Combination Felt Seal ond Shield 
product of chemistry . . . extra tough . . . extra long wearing 

. and so slippery that there is practically no torque ° Cartridge 

resistance. Hoover seals are ingeniously engineered to main- 
tain positive contact and improve lube circulation. Perman- WEW! BULLETIN 
ently attached full metal shields lock the seals within the WD=efvee eve 


Z plete information on 
bearing, safe from damage. Hoover Bearings 


Use Hoover Ball Bearings with single or double seals of wd ae tae 48 
TEFLON for high speed applications, electric motors, or where- copy, jest return the 
ever periodic lubrication or maintenance is not practical, coupon below. 

as in sealed units. They are available in extra light, light 


and medium series. jen tea Webeen aes 


*TEFLON is DuPont’s Trademark for its Fluorocarbon Resins. Please mail my copy of Bulletin No. 100 on 
Micro-Velvet and Hoover Honed are Hoover Trademarks. Hoover Bearings with Seals of TEFLON 


® Double Row 


Hoover Ball and Bearing Company 


Name 


oOowue»r —— 


CO cccisincctctttiinenet 
BALL AND BEARING COMPANY 
5400 South State Road, Ann Arbor, Michigan Di icetstiinen 
Zone Sales 8581 South Chicago, Chicago 17, Illinois City 
Offices and 290 Lodi Street, Hackensack, New Jersey —_———— 
Warehouses 2020 South Figueroa, Los Angeles 7, California 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANuFActuRING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the Read- 
er Inquiry Service Section at the end 
of the book. Readers should circle 


The Postulates of Boolean Algebra in 
the Languages of English, Mathe- 
matics, Logic and Engineering (with 
geometric diagrams, circuit diagrams, 
and truth tables), April 1960. This 11 
x 17 in. wall chart (from the April 
1960 Science & Engineering insert) 
contains a compilation of the funda- 
mental laws of Boolean algebra: the 
Laws of Combination, the Laws of the 
Unique Elements, and the Laws of 
Negation. For the designer of logical 
circuitry, this tabulation provides not 
only an at-a-glance “translation” from 
one symbolism to another, but also 
the conversion from sums to products 
(and vice versa). (747) 


Magnetism Research Pushes New En- 
gineering Developments (Parts I and 
II), February and April 1960, 19 
pages. Design significance of research 
progress reported at the Fifth ATEE 
Conference on Magnetism and Mag- 
netic Materials on: basic phenomena, 
soft magnetic materials, permanent 
magnets, microwave components, com- 
puter elements and _ instrumentation 
devices. (728) 


Distributed-Parameter Networks for Mi- 
crominiaturization, April 1960, 6 pages. 
An exploration of possible network 
characteristics obtainable by the meth- 
od of sandwiched layers of conducting, 
dielectric and resistive films. By em- 
ploying the distributed network con- 
cept, it is demonstrated that circuit 
performance unobtainable with lump- 
ed-parameter arrangements can be 
achieved by the layer method. (734) 


Copper and Copper Alloys—Their Prop- 
erties and Design Applications, April 
1960, 9 pages. The properties of cop- 
per and its alloys are related to the 
design needs of electronic equipment 
and systems. Applications of ma- 


216 


those numbers which correspond to the 
reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittance must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 4-12 
1 Gratis Gratis 

5 $2.00 $3.75 

10 3.75 6.00 
25 7.50 12.50 


Number of pages 
16-32 


terials to design parameters are il- 
lustrated and developed in the text 
and accompanying tables. (733) 


Powder Metallurgy Parts—Their Advan- 


tages in Design, March 1960, 9 
pages. A definitive exposition of the 
advantages of powder-metallurgy tech- 
niques in design of electrical and 
electronic components. Specific case 
histories illustrate design experience 
with these compacted and sintered ma- 
terials. Properties and other design 
parameters are explored and illustrated 
by charts and photographs. (721) 


Fine-Pitch Gear Trains, March 1960, 7 


pages. Gear quality classifications, cen- 
ter-distance considerations, and back- 
lash problems are discussed with re- 
spect to fine-pitch gear applications in 
electromechanical computers, servo- 
positioning feedback systems, instru- 
ments and radars, and in line with 
current and projected ASMA _ stand- 
ards. (727) 


Electromagnet Coil Design Charts, March 


1960, 3 pages. Since “wire size” in 
terms of either diameter or area is a 
primary factor in coil design of any 
kind, mathematical relations for design 
must include it. For practical reasons, 
wire size is a step function: only par- 
ticular sizes are available. Coil design 
therefore becomes a matter of judicious 
compromise, involving successive ap- 
proximations. Graphic methods are pre- 
sented for facilitating d-c and a-c coil 
design to minimize repetitive computa- 
tions. Derivations and examples sup- 
port the design charts. (725) 


The Esaki “Tunnel” Diode, February 
1960, 12 pages. Theory of operation 
of the most recent addition to nega- 
tive-resistance semiconductors is ex- 
plained in terms of the wave-like prop- 
erties of electrons. The diode’s 
small-signal behavior is described, its 


application as a low-noise amplifier ex- 
amined, and its noise figure of merit 
established. Other uses are as low-level 
oscillator and an ultra-fast bistable 
switching device. (705) 


Design Techniques for Static Inverters— 
Parts 1 and 2, January and February 
1960, 20 pages. Combined reprint of 
a two-part article giving the theory 
behind the circuits of a complete semi- 
conductor inverter (primarily for air- 
craft use) and practical advice on the 
actual design of such instruments. The 
inverter is broken down into 5 sub- 
circuits — oscillator, control, drive, 
power and filter—and many examples 
of various types of each are given. 
Space, weight and efficiency problems 
are also considered. (723) 


Research Progress in Dielectrics—1959, 
January 1960, 11 pages. The 13th 
annual on-the-spot review of the Con- 
ference on Electrical Insulation of the 
National Academy of Science-Na- 
tional Research Council. The review 
abstracts and interprets the papers and 
discussion in the light of their short- 
range and long-range effects on prob- 
lems in equipment and systems de- 
sign. Included are discussions on re- 
search activities in high-temperature 
materials, nuclear radiation effects, 
capacitor dielectrics, microwave prop- 
erties, and associated test techniques. 


(745) 


P.N-P-N Four-Layer Diodes in Switch- 
ing Functions, January 1960, 7 pages. 
Theory of operation of two-terminal 
transistor-like devices which can be 
switched by changing the voltage 
across them or the current through 
them. Applications include pulse gen- 
erators and core drivers, ring counters 
and multivibrators. Mathematical ex- 
pressions derived for operating para 
meters. (743) 


Prevention of Electric Shock Hazard as 
a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance 
of stressing electric shock hazard fac- 
tors in the preliminary stage of equip- 
ment design is discussed. Applicable 
data from the literature have been 
analyzed and suitable graphs and no- 
mographs derived for design purposes. 
Major shock hazards such ‘as large 
non-current-carrying metal parts and 
exposed sharp parts are discussed, as 
well as other specific design problems. 

(746) 


Control System Representations, Decem- 


ber 1959, 8 pages. A chart showing 
seven basic control-system element 
classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist dia- 
grams and time constants, This re- 
print is now being included in the 
combined reprint of the recent series 
on “Automatic Control System De- 
sign” by Ira Ritow (see p 232). For 
those who ordered the latter previ- 
ously, this chart may now be obtained 


ELECTRICAL MANUFACTURING 





Naugatuck VIBRIN 


Above — Relay transformers molded of Vibrin are externally mounted over 
the porcelain bushings of a 46,000-volt power transformer. 


Left —31/.-\b. current transformer is compared with one weighing 425 Ibs., 
believed largest ever made. Both are protected with Vibrin. 


World's largest electrical molded transformer... 


potted and housed with VIBRIN 


Associated Engineering Company—developer of the first 
electrical instrument transformers to take advantage of a 
polyester resin for both insulation and housing — has used 
Vibrin® from the start. 

Chosen because of its high dielectric strength, proved 
resistance to weathering, and desirable casting properties, 
Vibrin effectively shields against salt water, acids, alkalies, 
sulphur and other corrosive chemicals, Poured into a mold 


United States 


Naugatuck Chemical Division 


around the core and coils, the Vibrin hardens to form a one- 
piece unit with even the attaching lugs molded in. Produc- 
tion time and costs of metal housings, porcelain bushings, 
and oil or asphaltic insulating compounds are eliminated. 
Whatever your potting or encapsulating need, small 
or large, simple or involved, investigate the advantages a 
superior-quality Vibrin resin offers you. Write our nearest 
district office or address below for more information. 


442V ELM STREET 


NAUGATUCK, CONNECTICUT 


KRALASTIC RUBBER-RESINS @© MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron + Boston - Gastonia - Chicago - Los Angeles - Memphis - NewYork - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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Produce 4,000 finished wire leads per | s:vituty ve of curse by cictng 
hour... with terminals at both ends! 


Service postcards at end of book. (744) 
€.3 { 


Circuits, December 1959, 9 pages. 
Building-block approach to analog 
control circuitry using standardized 
| plug-in precision magnetic amplifiers. 
| Covers amplifier design of one manu- 
facturer, basic circuits, typical applica- 
tions, and procedures for designing 
equation-solving circuitry to imple- 
ment Laplace transforms. (706) 


| Magnetic Amplifier Computing Control 
| 
| 


Aluminum—Its Electromechanical Func- 

tion in Design, December 1959, 11 

pages. This Staff Report stresses the 

mechanical and_ structural uses of 

aluminum and its alloys (as distinct 

from electrical conductor applications) 

in a wide spectrum of electrical com- 

ponents and equipment. Applicable 

properties and their design significance 

are discussed and suitable graphs and 

tabular data are provided. Special 

considerations such as effects of cor- 

, ; , " _ . rosion, thermal conditions, and fabrica- 
: & tion are also discussed in detail. (704) 


Effects of Temperature on A-C Magnetic 
Properties of Nickel-Iron Alloys, De- 


cember 1959, 6 pages. A report on the 
NEW ARTOS €S-9-AT second half of a two-part study to 
provide design data for developmental 
magnetic devices and to observe tem- 
AUTOMATIC MACHINE perature-compensation parameters for 
existing applications. Results are re- 
ported in the form of curves for 60, 


]. measures any type of wire. 400, and 1000 cps describing varia- 


tion of core loss per unit of weight and 


7, cuts off wire to length. rms exciting volt-amperes per unit of 


Soe aie sapiied dar vas Sasaneehas 
3. strips one or both ends. range —60 to +250 C. (737) 
4. attaches terminals at both ends. Rectifier Voltage Transients—Causes, De- 


id ° f h tection, Reduction, December 1959, 
5. provi eS Stations Or ot er work. 7 pages. A “how-to” article on deter- 
mining the sources of high voltage 
transients in semiconductor rectifier 
NOW YOU CAN produce up to 4,000 finished wire leads per hour—with circuits, detecting their presence in 
terminals attached at both ends—when you install this new high-speed actual equipment, and providing means 
machine. for their effective reduction. (729) 
The ARTOS CS-9-AT handles almost any type of wire automatically. 
Taking wire from the reel, it measures, cuts to length, strips insulation, Accelerometers and Their Characteristics, 
attaches terminals and provides uniform collection of the finished leads. Jovember 1959. 9 pz , f 
: : ; . November 1959, 9 pages. A survey o 
Most types of terminals in prefabricated strip form can be used. ae : 
: . . 7 ; : the various types of accelerometers 
Also, the machine is eee ae a ie conveyor that available today and their character- 
permits several stations to be used for secondary operations such as in- as : : : 
spection, twisting, welding, etc. ustics — — _ a 
> . " “oo 7 ° JOS Sl as OS 
Get the complete story on the new ARTOS CS-9-AT—ask for engi- soaked oa. — in | "4 . ee Eg 
neering advice on your special problems. ae a 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 


oe "ARTOS (S-9-AT ‘CAPACITY. ia Write for Free Bulletins facturers and the types of units they 


Wan Geen BP-ceuse to é-g0000. Bulletin 358 describes CS-9-AT machine make. (712) 
Cutting Lengths: 6’’ min. to 90’’ max. Also ask about other Artos machines to 
ooo ww ea essen ° handle wire from 30 to 000 gauge; cwt | Inherent Motor Overheat Protection 
* 457-90" | oe. oe lengths from 2 in. to 45 ft.; strip insulation a M insid he Field Coils 

-90"’ lengths—2,000 per hr. ing oves inside the Fie oils, Novem- 

EASMBERERERESS SARS EORbE DSSS CE from %¢ in. to 10/2 in. : 
AS ber 1959, 8 pages. Two solutions to 
Sy the problem of putting temperature 


Ww 3 i fi . sensors in the stator windings of in- 
orld Leaders in Automatic Machines deities wate oe deemed, tah 


for Finishing Wire Leads | involving thermistors, The Westing- 
Alb © Sg is ‘ : é | house solution uses thermistors in a 
ARTOS EIST Ec 


coefficient resistor mode. Cutler- 


2741 South 28th Street + Milwaukee 46, Wisconsin Hammer's approach makes use of the 
well known negative temperature co- 
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REED : : Angular .¢ 
Instrument ; : Contact Bearing: : 
Bearing ° 


Spherical Roller 
Thrust Bearing 


Tapered 
Roller Bearing 


= 


Single Row 
Deep Groove 
Ball Bearing 


Spherical 
Roller Bearing 


Cylindrical Roller Bearing 


What’s a “special size” 


in production bearings? 


S$ makes so many standard sizes, there’s 
practically no such thing as a “‘special size” 
of bearing. They range from tiny instrument 
bearings right up to four-row tapered roller 
bearings—and account for almost every pos- 
sible bore size in-between. 


Take S's standard cylindrical roller 
bearing, for example. It’s promptly available 
in 154 sizes of single- and double-row types 


Spherical, Cylindrical, Ball, Wyown Tapered and REED Miniature Rearings 


—for shaft diameters ranging from 1” to 9.5”. 
Every size, in both types, offers high radial 
capacity in relation to its size and operates at 
highest speeds because of its very low friction. 

So, before you specify a “special size” bear- 
ing, call the nearest SSF sales office first. 
The odds are better than 1,000 to 1 that 
there’s already a standard St bearing of 
exactly the size you need. 


avery TYPE-EvERY USE 


® 


SEF INDUSTRIES INC PHILADELPHIA Sa. FA 


Circle 220 on Inquiry Card 





CUSTOM 

BUILT TO 

YOUR 
SPECIFICATIONS 


Complete Contract Manu- 
facturing Facilities for any 
type of metal enclosure. . . 
including more than 50 years 
experience of metal 
craftsmanship . . . are 
available to you at 

Kirk & Blum. 


For control panels, transformer 
tanks, indoor or outdoor 
electrical housings . . . fabri- 
cated in sheet, plate, stainless, 
carbon steel, aluminum, monel 
or other alloys . . . call on 
Kirk & Blum. 


Send your prints for 
prompt quotation, 


SERVICE 


KIA. linigesaiowie saieili 


7 50) YEARS OF 


The Kirk & Blum 
Manufacturing Co. 
3122 Forrer Street 
Cincinnati 9, Ohio 
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efficient of thermistors applied in a 
transistor circuit. (739) 


Beryllium — The Metal and Its Design 
Potential, November 1959, 7 pages. 
A review of the properties and appli- 
cations of beryllium and some of its 
alloys as related to the design func- 
tions. Physical, thermal, electrical, 
optical and nuclear properties are 
detailed and projected into design 
considerations. Design parameters are 
explored and expanded with the aid 
of charts, tables and graphs. (719) 


Motor-Blower Selection Factors, Novem- 
ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
of direct motor drive are compared 
with belt drive for blowers as a guide 
for selection. (717) 


Core Factors in Magnetic Switch Per- 
formance, October 1959, 4 pages. In 
“rectangular”-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 
presented. (732) 


Effects of Temperature on Magnetic Core 
Materials, October 1959, 8 pages. Pri- 
mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic am- 
plifiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, ini- 
tial and maximum permeabilities, plus 
a-c and d-c values of “squareness” 
ratio, remanence, saturation magneti- 
zation and coercivity for L-Silectron, 
Transformer-A, 11.7 and 15.5 Alfenol, 
83 Mo Thermenol, Supermendur, 7-70 
Perminvar, Orthonol, AEM 4750, 4-79 
Mo Permalloy. (710) 


The Four-Bar Linkage as a Function 
Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (742) 


Silver and Silver Alloys—Properties and 
Design Applications, October 1959, 6 
pages. Silver and silver alloys are dis- 
cussed from their position as important 
design materials in electrical and elec- 
tronic devices and equipment. Inherent 
characteristics such as electrical con- 
ductivity, corrosion resistance, fabric 
ability and reliability are explained. 
Tabular data are provided and appli- 
cations are summarized. (716) 


Determination of Electrical Resistance of 
Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design. 
Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total re- 
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FEATURES: Compact size @ Shock- 
resistant construction ® Visible long-life 
contacts @ Large, easy-to-wire, screw- 
type terminals @ Separate conduit 
openings for incoming and outgoing 
leads @ Wrap-around cover with 180° 
accessibility for easy installation. 





Built to last! Easy to install! 


Reliable “positive-feel” 


For applications requiring manual 
control of travel direction, General 
Electrics new CR102 Al Drum 
Switch offers exceptional durability 
plus convenience features that save 
installation and modification time. 


Rated two hp, 230 volts single- 


phase and 600 volts polyphase, this 
new drum switch has a smooth 


action! 


handle action with solid “positive 
feel” that machine operators like. 
Check the time- and cost-saving 
features at left. Ask your nearby 
G-E distributor for GEA-7000, or 
write to Section 733-51, General 
Electric Co., Schenectady 5, N. Y. 


You get MEASURABLE ADVANTAGES 


with General Electric Control 
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sistance of circular cross-sections of 
metals. (709) 


Engineered Cooling Cuts Equipment 
Bulk, September 1959, 10 pages. The 
essential theory and key design con- 


PALNUT*Lock NUTS and FASTENERS 
Eliminate cet to ed By Sen co 


one or more of these assembly parts or operations | “teat Flow Theory” (Euzctaicat 
MANvFactTuninG, April 1959—see also 

Basic Science Reprints page in this is- 

sue). The present article, by the same 

author, projects these principles into 

specific analytical design procedures 

for heat exchangers for cooling and 

adding heat as desired in equipment 

ix Separate assemblies and enclosures. (718) 


“ Ordinary 
aling Washers 


Tapped Nuts 
Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
a ated-core designers and for producers 
QO a a of electrical steel it is important that 
a ‘ a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presented. (740) 


Drilling Annular 
Holes Grooves 


-and provide compact, vibration-proof assemblies 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 

e Easy, fast assembly with ordinary manual or power tools, extra fast tables and mathematical formulae = 

with Palnut Magnetic Wrenches. } given. (718) 


Sf Spring tempered steel Palnuts, with the dependable 
double-locking thread form, are available in many 
stock types and sizes to meet practically any assembly 
need. Here are typical advantages: 


p. \ eM Ma Cm Mm Merl mae 


@ Low cost—less thon other locking devices, often less than plain nuts. 


es One Palnut replaces 2, 3, even 4 parts according to Ale ‘Wilts fer ‘Wleotonale Equipment, 

August 1959, 4 pages. The selection 

and application of mechanical air filters 
e Save Weight— up to 85% reductions in fastener weight for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


© Seve Space by eliminating auxiliary parts 


e May be removed and re-used. 


FASTENERS for Unthreaded Studs, Rods, Pins, etc. cr 
® 


Relay Test Code Advanced, July 1959, 


SELF-THREADING NUTS 


Save threading costs. Form 
their own deep, clean threads 
while tightening on studs of any 
malleable material, including 
aluminum or zinc die-cast; also 
rods, shafts, wire or pins of 
steel, aluminum, brass or plas 
tic. Fast assembly with stand 
ard tools, Vibration-proof grip, 
whether seated or unseated. Re- 
move and reuse on same studs. 
Sizes for Ve", 4", 4" and %" 
dia, Write for Bulletin 585-A. 


PUSHNUT® FASTENERS 


Simply push on unthreaded 
studs, rod, wire or rivets. Strong 
spring grip resists removal. 
Save threading, grooving, drill- 
ing for cotter pins. Low in cost, 
fast assembly. Many types 
and sizes. 


Se e e : 


Write for literature and free samples, stating type, size and application. 
THE PALNUT COMPANY 


Division of UNITED-CARR Fastener Corp. 


Glen Road, Mountainside, N. J. 


Canada: P. L. Robertson Mfg. Co., Ltd., Milton, Ont. 


LOCK NUTS 


and FASTENERS 


Quick, secure fastening at low cost 
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10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 
mittees are summarized. (708) 


Pressure-Sensitive Electrical Tapes as 


Designed-In Components, June 1959, 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems. 
Areas of application are summarized 
and test methods listed. (703) 


Clad and Laminated Metals—Their De- 


sign Potentials, June 1959, 7 pages. 
Presented are examples of areas of 
application of combined metals. Com- 
binations by cladding and laminating 


(Continued on page 227) 
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Po Cadmium Oxide 


TCM oe Ly 4 


TEP d a 
DOSS) 


General Plate Silver-Cadmium Oxide Top-Lay and Brazed Assemblies 
increase Product Performance 
at Substantial Cost Savings 


General Plate Silver-Cadmium Oxide are produced by simple “blank and money, time, and trouble. 
Contacts provide users with many worth- form” operations. This reduces manufac- Silver-Cadmium Oxide Contacts are 
while advantages. Resistance to welding turing costs substantially, yet assures a also available as rivets, buttons for weld- 
and are-erosion, the benefits normally, better engineered product. ing, and welding tape. 
gained with Silver-Cadmium Oxide, are For contact assemblies not readily pro- It will pay you to investigate General 
coupled with an ease of fabrication not duced from Top-Lay, Metals and Con- Plate Silver-Cadmium Oxide Contacts. 
normally associated with this material. trols specializes in supplying complete Our competent Field Engineers will 
The difference is a heavy fine silver back- fabricated brazed contact assemblies gladly call at your request and review 
ing that assures a superior bond to the ready for installation. This can save you your contact problems. Write today. 
supporting member. 

General Plate can supply _ Silver- oO 


Cadmium Oxide in Top-Lay material H TEXAS INSTRUMENTS 


from which complete contact assemblie 
INCORPORATED 


METALS & CONTROLS DIVISION 
1904 FOREST STREET + ATTLEBORO, MASS. 


GENERAL PLATE PRODUCTS 


General Plate Products: C!ad Meta! ectr itact flexn Ther tat Metal e Platinum Metals e Re Metals e« Radio Tube & Transistor Metals 
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You get MORE THAN A MOTOR with 





General Electric's Form G...for example... 


Expert 
Application Aid 


Are you taking advantage of all the 

motor knowledge available to you? A phone call 
will bring a G-E application engineer to 

help solve your motor application 

problems. He’s not only an expert on G-E 

Form G fhp motors, but in all phases of 
applying them. He can bring years of 

motor experience and knowledge 

to bear for you. Why not try him? 


GENERAL @@ ELECTRIC 


EXPERT APPLICATION AID is only 
mone of several “extras” you get when you 
fe select Form Gs. A complete review of the 

reasons why Form Gs give you MORE THAN 

A MOTOR is presented on the following page. 





These unmatched extras make G.E.’s Form G 


MORE THAN A MOTOR 


YEARS-AHEAD DESIGN LEADERSHIP 

General Electric’s year-in year-out 
leadership in fractional horsepower 
motor design and innovation helps 
meet your changing product de- 
mands; helps keep you “‘out front’’. 


QUALITY CONTROL ‘‘Individual- 
ized’’ quality control assures con- 
sistently high quality. Every Form 
G motor is thoroughly tested at all 
stages of production for top perform- 
ance and long-life characteristics. 


} 
i 


FAST, LOCAL SERVICE A nationwide 
network of Electric Motor Service 
Stations, kept up-to-date on latest 
motor techniques by twenty travel- 
ing motor specialists, assures fast, 
local motor repair or replacement. 


EASE OF ASSEMBLY Compact G-E 
Form G fractional horsepower 
motors can be mounted and hooked 
up in a matter of seconds; offer 
assembly-line savings in time and 
money; cost less to ship or handle. 


DESIGN VERSATILITY Form G fhp 
motors offer amazing versatility and 
design freedom for incorporation in- 
to your product. Whatever your 
product requirements, there’s a G-E 
Form G fhp motor to meet them. 


DELIVERY PERFORMANCE Delivery 
you can count on is made possible 
by General Electric’s multi-plant 
manufacturing facilities. The motors 
you need are available when you 
need them where you need them. 


Make sure you get MORE THAN A MOTOR when you select fhp drives for your product . . . choose General Electric 
Form G motors, available in NEMA 48 and 56 frames. For more information, contact your nearby General Electric 
Apparatus Sales Office or write General Electric Co., Section 702-107, Schenectady 5, N. Y. 
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Electronic 


give, for certain applications, a su- 
perior product which yields the best 
properties of each constituent metal. 
Treated in this article are the precious 
and rare metals, aluminum, steel, cop- 
per and molybdenum combinations. 
Illustrated by typical case histories 
supported by graphs, charts and illus- 
trations. (707) 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 1959, 
6 pages. Major insulating varnish 
types are identified, their properties 
and application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 
is given to insulating varnishes as key 
components in designing insulation 
systems for optimum equipment life 
and reliability. (730) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELECTRICAL 
MANuFactuRINc Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development 
are given and preliminary modules and 
modular assemblies are illustrated. (736) 


New Developments in Magnetic Ma- 


terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magnetism 
and Magnetic Materials for: computer 
elements, microwave components, per- 
manent magnets, soft magnetic alloys 
and new magnetic devices. (702) 


Designing Optimum Inductors’ with 
Ferrite-Biased Gaps, January 1959, 
14 pages. Barium ferrite permanent- 
magnet slabs in place of air gaps per- 
mit up to 78 per cent volume reduction 
of iron-cored inductors carrying asym- 
metrical currents. Analysis and syn 
thesis procedures for iron (Audio A) 
or ceramic (Ferramic H) cores with 
ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 
the specific case. (701) 


Standards for Industrial 
Equipment, August 1958, 8 pages. In- 
ternal standards for the electronic por- 
tions of machine control systems, 
prepared by the Plant Engineering 
Electronics Committee of General Mo- 
tors Corp., are offered for general in- 
dustry use in conjunction with the 
JIC Standards for Industrial Equip- 
ment (see Reprint 724). (722) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. Re- 
vised specifications for the application 
of electrical apparatus to welders and 
other industrial equipment, as adopt- 
ed by the Joint Industry Conference 
held in Detroit, March 1957. Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5—$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$80.00. Send check 
with order payable to ELEcTricaL 
MANUFACTURING, 205 East 42 Street, 
New York 17. (724) 
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Safe. Easy to operate. 


Rate of voltage application conforms 
to ASTM standards. Portable 


models. Floor mounted models. 


HIGh 
VOL 


A-C AND A-C/D-C TESTERS 


These Sorensen a-c and 
a-c/d-c testers completely 
cover the voltage range 
from 0-150,000 vac 

and 0-300,000 vde with 
current capacities as high 

as 4000 milliamperes a-c 
(plus 5 milliamperes d-c for 
the a-c/d-c units). 


All components are conservatively rated 

to insure maximum life and top performance. 
Maximum rated current can be drawn 
continuously over the entire output range 
and overloads may be supplied for a short time 
to “burn” faults. Easily reversible d-c 
polarity of a-c/d-c testers. 


New Catalog. Just off the press, 
Sorensen’s new 32-page catalog gives 
technical data on the complete line 

of Sorensen a-c and a-c/d-c testers 

as well as on Sorensen h-v d-c supplies, 
h-v electrostatic generators, 
low-voltage d-c power supplies, 

a-c line-voltage regulators, and frequency 
changers. Extensive power supply 
application data is also given. Write for 
your copy today. Sorensen & Company, 
Richards Ave., South Norwalk, Conn. 


0.4 


CONTROLLED 
POWER 
PRODUCTS 


S 


A SUBSIDIARY OF RAYTHEON COMPANY 


-..the widest line lets you make the wisest choice 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or related 
subjects are available at the nominal 
prices indicated in each listing. For 
ordering convenience, use the handy 
Order Form below. Orders must be 
accompanied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 


Logic —and Switching Circuits, April 
1960, 36 pages plus cover. The funda- 
mental principles of logical reasoning, 
contained in Aristotle’s syllogism, dev- 
eloped into the Boolean algebra and 
the logistics of the Principia Mathe- 
matica, and applied in circuit design 


delivery. Make checks payable to 
ELECTRICAL MANUFACTURING. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


and computer programming, are devel 
oped. The basic postulates are tabu- 
lated in their verbal, algebraic, 
diagrammatic, and circuit-schematic 
form. Modern logic is presented as a 
powerful tool for the engineer who 
must find the optimum out of many 


Oo R D y R b O R M | Please enclose remittance 


(cash or check) with your order. 


No. of 
copies 


Logic—and Switching Circuits 


Thermoelectric Effects 

Network Analysis 

Determinants and Matrices .. 
Sampled-Data Systems 
Automatic Control System Design 


Low-Noise, Solid-State Microwave 


The Electric Field 


Heat Flow Theory 
Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


Slide Rule Mathematics 


—_——. 
—— 


Infrared—Fundamentals and Techniques 


Digital Methods in Measurement and Control 


Fundamental Properties of Plastics 


Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 


Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


Casting Resins and Application Techniques 


Price 


Amplifiers 


TTT TTT TTT 


Total Order 
.. New York 17, N. Y. 


TITLE 


ZONE 


%, City Sales Tax for New York City delivery.) 


Reprint Title 


Logic 

Infrared 

Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 

The Electric Field 

Shock and Vibration 

Key to Metals 

Heat Flow Theory 
Ferromagnetism 

Fourier Analysis 
Automatic Control Systems 
Boolean Algebra 

Slide Rule Mathematics 
Casting Resins 
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possible solutions to a problem for 
which there is no unique, neatly 
labelled true-or-false answer. The 
article deals with methods applied 
to solve the problems of circuit syn- 
thesis, the principles of circuit design, 
and the fundamental ideas which can 
be applied to the design of the most 
complex circuitry. The _ principles 
underlying the design and use of 
computing machines are given. $1.00 


Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. A 
comprehensive introduction to the the- 
ory of one of the most rapidly growing 
fields in engineering. Basic principles 
of radiation and detection (including 
Wien’s Law, Rayleigh-Jeans Law) are 
derived and explained. Effect of infra- 
red on metals, ionic crystals, and semi- 
conductors is described with regard to 
the use of these materials in infrared 
systems and devices. Various types of 
sources, windows, prisms, detectors, 
and spectrographs are discussed quali- 
tatively. Also includes theory of use of 
infrared in practical applications such 
as thermal mapping, missile tracking, 
chemical analysis, etc. $1.00 


Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as 
developed by Seebeck, Peltier and 
Thompson (Kelvin) are brought up to 
date in the light of new semiconductor 
thermopile compounds. Thermoelec- 
tricity is discussed from free-electron 
and thermodynamic points of view. 
Four basic applications of thermoelec- 
tric phenomena are considered: power 
generation, heating, cooling, and tem- 
perature sensing. Author Robert P. 
Benedict, of Westinghouse Electric 
Corp., is an authority on thermo- 
couples. $1.00 


Network Analysis, January 1960, 28 
pages plus cover. With preliminary 
concentrated treatment of elementary 
concepts of circuit analysis, the author 
presents a discussion of present-day 
practices in network engineering and 


ELECTRICAL MANUFACTURING 





HEADS OR TAILS... OR IN BETWEEN 


YOU NEVER GAMBLE WITH AMP. Electrical connections that stand up to formidable vibration, 
heat, cold and corrosion . . . Consistent circuit reliability and low cost . . . Attachments for 
every type of automotive circuit application . . . Solderless crimping by Automachine, portable 
power tools or hand tools . . . There’s no gambling when you specify AMP for every electrical 
connection from head lamp to tail light. (A) FASTIN-FASTON HEAD LAMP CONNECTOR For two 
or three tabs. Readily disconnectible for easy assembly and saving time. Cycolac housing. 
(B) SPECIAL WIRING DEVICESAutomotive ring tongue and spade tongue terminals, Faston tab 
and receptacle units and Shur plugs, all to help you with your special single-circuit attach- 
ment requirements. (C) FASTIN-FASTON HARNESS CONNECTOR Two styles available: the 
T-shaped housings for two circuits and the standard housing for six circuits. Quick connect/ 
disconnect of harnesses. Panel mounted or free hanging. Tab width: .250”, .205”, .187” and 
.110”. (D) BUTTON CONTACTS Positive registry for light sockets. Wire insulation support 
increases vibration resistance. Permits easy locking of bulb. Write today for more information. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia * Canada » England « France « Holland « Italy « Japan « West Germany 
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Which of these Barber-Colman 
high-quality, low-cost motors 


are needed for your applications 


... unidirectional, reversible, 


synchronous, or geared? 


Unidirectional 


Geared THE MARK OF QUALITY 


BARBER 
RE 


LOW COST 

HIGH STARTING TORQUE 

QUIET OPERATION 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


BARBER-COLMAN COMPANY 


Reversible 


Synchronous 


a-c small motors 


For longest life and finer service per 
dollar invested, put Barber-Colman 
motors into your products. High-quality 
construction throughout eliminates 
bothersome, costly maintenance . . . adds 
to your reputation as a builder of quality 
equipment. Various types and models 
for use in appliances, vending machines, 
projection equipment, office machines, 
toys, servo-mechanisms, remote switch- 
ing and positioning, recording instru- 
ments, and similar applications. And 
your cost for these precision-made 
motors is surprisingly low. 

WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman a-c small 
motors Unidirectional, reversible, synchronous. 
Up to 1/20 hp. With or without reduction gearing 


. . . Open or enclosed types. Stator and rotor sets 
also available. Free engineering service. 


Dept. D, 1203 Rock Street, Rockford, Illinois 
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Determinants and 


Sample-Data Systems, November 








Digital 


their theoretical background. Network 
theory as a coherent and unified study 
contrasted with the 
less powerful and less useful traditional 
approach to circuits which involved 
isolated and unrelated “methods” of 


$1.00 
Matrices, December 
1959, 20 pages plus cover. The elec- 


is stressed, as 


analy SIS, 


trical network is used as the primary 
example of the engineering problem 
in which analysis leads to mathematical 
systems of equations that readily be- 
come so numerous and involved as to 
require an objectionable amount of 
time for manipulation. The principles 
treated in this article apply to all prob- 
lems involving numerous mathematical 
statements. Included are specific rules 
for the use of determinants for solving 
systems of simultaneous equations, in- 
cluding refinements of the basic pro- 
cedures to apply to higher-order sys- 
tems, and the underlying principles of 
matrix algebra with examples to dem- 
onstrate the time- and_ error-saving 
these two 
mathematical shorthand, 


forms of 
$1.00 
1959, 
20 pages plus cover. An introduction 
to the analysis of closed-loop control 


advantages of 


systems in which the input or error 
signal is periodically sampled (rather 
than continuously connected) as by 
a sampling switch, analog-digital con- 
verter, digital computer, etc. Presents 
frequency-response, 
p-transform and z-transform methods. 
Show how to plot Nyquist, Bode and 
root locus diagrams with z transforms. 
Written by Carl O. Carlson of the Na- 
tional Cash Register Co., whose con- 
tributions to the art include: the use 
of the normalized sT plane for ana- 
lyzing sampling 


impulse-re sponse, 


adequacy, “pseudo- 
determining between- 
sample response and the use of the 
z transform for table-generating func- 
tion. The last is presented for the first 


time in this article. $1.00 


sampling” for 


Low-Noise, Solid-State Microwave Am- 


plifiers, October 1959, 16 pages plus 
cover. An engineer-oriented examina- 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid 
state, three-level solid state and opti- 
cally pumped devices) and parametric 
MAVAR amplifiers (both semiconduc- 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diode 
amplifier. Written by R. D. Haun, Jr., 
and T. A. Osial of the Westinghouse 
Research Labs. $1.00 


Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech- 
niques covers: (1) characteristics and 
advantages of the digital, or numerical 
approach; (2) principles of 
coding, sampling and quantizing; (8) 
digital components and techniques for 
logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR Cir- 
cuits, comparators, memory devices 
and relative characteristics of cores 


basic 
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tubes, transistors and relays; (4) digital | Precision permanent magnet 


measurement devices, including pulse 
generators, counters, voltage converters, 
proximity pickups and position trans 


tier: 6) dial cool acute. TEVETSLOLE MOLOTS ... gearheads, 


fillan Bros., Inc., Los Angeles. $1.00 


. 

The Fundamental Properties of Plastics, bl d ht- l 
August 1959, 16 pages plus cover. The | Oowers, an rig ang e 
fundamental science of polymeric ma- 
terials is related to design engineering ° o 
properties of plastics. Discussion covers: | d b d 
the molecular formation of polymers; | ries =e .for QUr orne an 
the chemistry of addition polymers; the 
chemistry of condensation polymers; a d e e e 
the theoretical basis for mechanical t [ ppl E 
electrical and chemical properties of un us rua 6) Lc tons 
polymers. Bibliography and_ glossary | 
provided. Written by Thomas D. Cal- | 
linan, Research Center, International 
Business Machines Corporation, and | 
Alex. E. Javitz, Special Features Editor, | 
ELECTRICAL MANUFACTURING. $1.00 | 


The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 
pages plus cover. Contents include dis- 
cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Electric Induction; Capacitance; Me- 
chanical Considerations; Field Effects 
in Devices. Written by Paul G. Jacobs, 
Associate Editor, ELectrrica MANvu- 


FACTURING. $1.00 





The Fundamental Nature of Shock and 
Vibration: Theory, Character, and 
Mechanism of Damage, Principles of 
Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- 
tion is given in terms of classical 
physics and mechanics. The major 
types of vibration are discussed 
(periodic, random, structural and _air- 
borne); also the major types of shock 
(velocity, simple impulse, single com- 
plex and multiple). Combined en 
vironments are also treated. A section 
is devoted to the effects of shock and 
vibration on missile electronic com- 
ponents. Types of damage are tabu- 
lated and analyzed; principles of 


testing are given; specifications are BARBER d-c small motors 


summarized. Glossary and Bibliogra- P 
phy included. Author is Dr. Irwin AUREL Barber-Colman offers a large selection 


Vigness, Head, Shock and Vibration | of compact, high-quality d-c motors 


Branch, Mechanics Division, U. S. with outputs up to 1/10 hp. Compact 
Naval Research Laboratory. $1.00 


THE MARK OF QUALITY 


su 


design ... 1144” to 114” diameters. 
Various mountings and speeds . 
several sizes and styles of gearheads 
of metallurgy ere presented and struc: WITHSTAND AIRCRAFT AND and blowers. Integral radio noise 
tural characteristics of metals related | MISSILE AMBIENTS filters, magnetic brakes, and gover- 
to design concepts. Physical and me- | nors available for most basic designs. 
chanical properties of metals defined. | Wht somes dialed aad Itiple-shaft 
The nature and specifications of metals | STABILIZED MAGNETS...UNDAMAGED ight-angle ¢ eS She ee ee 
are detailed for better understanding BY INSTANTANEOUS REVERSALS outputs also available for special 
of current literature. The _ effects ; applications. 

of environment and mechanisms of SMOOTH RUNNING...L 

damage are illustrated. Iron and steel, COGGING AND we WRITE FOR NEW QUICK REFERENCE FILE 


alloys of aluminum, precious and rare | on the complete line of Barber-Colman electrical 
metals, copper, nickel and magnesium components. Includes detailed specifications on 
are presented in their basic design re- | a-c and d-c motors, tach generators, blowers, gear- 
lationships to fundamental properties. | heads, relays. 

Written by S. H. Avner, N.Y.C. Com- | 
munity College, and Harold E. Barkan, | 


Associate Editor, Evzcruica, MO | BARBER-COLMAN COMPANY 
(Continued on page 232) | Dept. D, 1803 Rock Street, Rockford, Illinois 


Key to Metals in Design Engineering, VOLTAGES FROM 6 V d-c 10 115 V d-c 


May 1959, 24 pages. Basic principles 
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Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major ana- 
THE lytical techniques developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples are chosen from elec- 
trical and electronic (transistor) appli- 
cations. Written by Allan D. Kraus, 
an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


Fundamentals of Ferromagnetism, March 

1959, 32 pages. A new approach to 

the study of magnetism, derived from 

modern solid-state physics. Explains 

magnetic behavior and properties of 

magnetic materials in terms of fun- 

... ASSURES damental electron interactions. In- 
cludes: Origins of Ferromagnetism; 

Internal Structure of Ferromagnetic 

Materials; Magnetization Curves; Time 

Effects in Soft Materials; Effects of 

Atomic Ordering in Alloys; Interac- 

tions for Ileterogeneous Systems; Mag- 

VACUUM-TIGHT netic Materials of the Present and Fu- 
SEALS! ture. Written by Anthony Arrott and 

J. E. Goldman of The Scientific Lab- 

oratory, Ford Motor Co. $1.00 





Another ' so 
S * | i (a Using Fourier Analysis in Design, Feb- 
! eed pecia A oy o ruary 1959. 16 pages. In system and 
| THERMAL EXPANSION for a Specific ee subsystem design, Fourier analysis per- 
| ar mits the design engineer to design or 
m| ——-4____ Purpose a select devices for a particular transient 
932 “t ere performance solely on the basis of their 
PROPERTIES ae steady-state sinusoidal performance. 
This precision alloy was developed for Composition (Nominal) , A thorough theoretical background on 
sealing metal to hard glass. Wilbur B. Nickel... . . 29% wre Fourier analysis is presented plus a 
Driver Rodar is processed from melting Cobalt... .. 17% RS, Oe discussion of the areas of application 
to finished size in our own plant under ee _ a with specific examples to point up par- 
the strictest controls to insure consistent Melting Point ‘ ; ticular problems often encountered. 
analysis, temper, uniform grain size and . . 1450°C. (Approx.) a. 4 Written by Ira Ritow, Airborne Instru- 
conformance to customers’ specifica- Specific Gravity. . 8.36 ; ments Lab. $1.00 
tions. The superior stamping and seal- ae ; 
ing properties of Rodar make it the 
preferred sealing alloy. Clectrical Resistivit 
Rodar produces a permanent, vacuum- _, 294 Ohms CME. : | COMPENDIUMS 


tight seal with simple oxidation proce- Tensile Strength ; ; . . 
ie and resists soliee by commas. sees "90,000 PSI | | Aetomatio Control System Design, 06 
Readily machined and fabricated, Hardness | plus cover. A practical textbook 
atin ete: ee aeeiee -ealdanna- ae 82 B Rockwell complete as to theoretical detail, on 
brazed. Available in wire, strip and bar Elongation | _ the design of servomechanisms. In the 
to your specifications. 30% (2” gauge length) process of describing design by trans- 
fer function, system equation, and root- 
locus methods, techniques of analysis 
Temperature Range seated such as Bode diagrams, Routh’s cri- 
wae a cis terion, and Nyquist plots are also pres- 
35° To 300. aia ented. Includes background material 
hans ah saa on complex variables and Laplace 
wae. ae 3 transforms, bibliography for further 
7 ae - ii study. Originally published in Exsc- 
- : TRICAL MANUFACTURING as a series of 
“As determined from cooling curves, after annealing six articles. Includes: Control System 
—<fim. Sn — at 900°C. and for | Representations, December 1959 issue, 
a two-page chart showing seven basic 
control-system element classifications 


whl f L at Uu ® e - | and their various common representa- 


tions, including transfer functions, 


DRIVER co. equivalent analog computer circuits, 


; Bode diagrams, Nyquist diagrams, and 
bes NEWARK 4, NEW JERSEY time constants. Written by Ira Ritow, 

IN CANADA: Canadian Wilbur B. Driver Company, Ltd., 50 Ronson Drive, Rexdale (Toronto) | Airborne Instruments Laboratory. $3.00 
a (Continued on page 234) 
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THIS 1S GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


A GOOD OLD-FASHIONED 
GUARANTEE AGAINST 
DRAINLINE CORROSION 


It’s the sort of thing that drives stolid 
corporation lawyers to scribing frantic 
memos, but we are offering a hard-rock 
guarantee against corrosion and leakage 
with our Pyrex® lifetime drainline. 

We use ‘“‘guarantee” in the old, un- 
weaselworded sense of the term: we 
replace any piping material damaged 
due to corrosion and/or leakage during the 
life of the building. 

We insert just one escape clause: we 
cannot tolerate, nor can the drainline, 
massive volumes of hydrofluoric acid, hot 
alkalies or hot phosphoric acid. Even here, 
check with us just to make sure. Anything 
else goes—acids, alkalies, or whathaveyou. 

So throw away those drip buckets, 
stop giving the ‘‘new man” the desk 
under the leaking joint... the next time 
you install or replace a drainline, make 
sure it bears the ‘‘PyrEx”’ trademark. 

Look at the coupon. 


Longevity under adverse, even hostile, con- 
ditions is a well-known trait of Corning 
glasses... a fact to consider, even ponder, 
when you run up against materials with 
but a modicum of stamina. 


WHO WANTS TO TRANSMIT 
80% to 90% OF INFRARED 
THROUGH A WINDOW AT 
900°C. OR IN THE PRESENCE 
OF CORROSIVES? 

Ours not to reason why. Ours only to 
inform you that there are two Vycor® 
brand glasses that service both condi- 
tions admirably. 


There is Vycor No. 7905 glass. A sheet 


of this 2 mm. in thickness will transmit 
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90% of the wave lengths up to and in- 
cluding 3.0 microns. A 14 in. thickness 
will transmit 80% of a wave 2.75 
microns across. 

Then there is Vycor No. 7950 glass. 
It is stained red. It does like work with 
infrared, but absorbs most of the visible 
light waves from a tungsten filament 
humming away at 2700°K. 

Both glasses function continuously in 
the manners stated at 900°C. even in the 
presence of corrosives and will take 
intermittent jaunts into the 1200°C. plus 
region without damage. 

Both will take a sudden thermal shock 
from these empyreal heights right down 
to 0°C. 


INFRARED TRANSMISSION FOR GLASS NO. 7905 


(2 mm. Thickness) 


Transmittance (%) 


16 20 24 28 3.2 3.46 
Wave length (“) 


oO 
08 12 


Both actually increase in mechanical 
strength as the temperature goes up. Odd, what? 

There’s much more you ought to 
know about these and the other Vycor 
brand glasses, but we'd like to find out 
just how many and what kind of people 
are interested in such matters, so we’ve 
put the rest of the data away in a bulletin 
which you may have in exchange for the 
information asked for in the coupon. 


silent light (fluorescent) 

Making an electroencephalogram under 
fluorescent lights can be as nightmarish 
as listening to Leonard Bernstein conduct 


MEANS 


*) CORNING 


\ 


FROM CORNING 


in a subway. The same holds true for any 
sensitive electronic device that can pick 
up unwanted noise from a hot tube. 

From now on, anyone seeing un- 
worldly blips or blurs on his trace of a 
monkey’s alpha waves might find our 
new Pyrex brand E-C No. 70 panel 
helpful. 

E-C No. 70 is a glass panel with an 
electroconductive coating fused to one 
side, a coating grounded with a 4” 
strip of silver running around the perime- 
ter of the panel. The coating is “tuned” 
to pick up and throw to the ground all 
radiation from 0.018 to 25 mc. 

Add a simple line filter and a GBM 
ballast to your fixture, and all that comes 
out is clear, clean, quiet light, free from 
both radiated and conducted radio noise. 

E-C No. 70 is optically designed to 
give low brightness to the light it lets 
through, this being 70 to 78% of the 
light emitted by the tubes. 

E-C No. 70 is made of borosilicate glass, 
so it takes a goodly amount of corrosive 
atmosphere and thermal shock in stride. 

E-C No. 70 meets all the many re- 
quirements of MIL-I-1690A—ships. 

E-C No. 70 may be had in panels up to 
28” in width, up to 48” in length. 

Stull more may be learned about E-C 
No. 70 by posting the coupon. 


RESEARCH IN GLASS 


CORNING GLASS WORKS, 59 Crystal St., Corning, N. Y. 


Please send me: [[] PE-30, PYREX lifetime drainline 


C) B-91, VYCOR Industrial Glassware 


(] A2, PYREX E-C No. 70 Glass Panels. 


Name 
Company 
Street 


City 
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SPECTROL PRECISION MECHANISMS 


Kerosene, 
Jets & 
Fuel Flow 


pectrol developed its newest PRECI- 

SION MECHANISM-A Pulse Total- 
izer—for an airborne system which meas- 
ures fuel flow with particular accuracy. 
But this carefully-designed electromechan- 
ical counter has many uses. You can apply 
it to any sort of pulse counting scheme, 
airborne or ground, where electrical out- 
put is required. 
The Totalizer features 5 decade switches, 
each having a string of precision resistors 
to give electrical readout. It also has a 
built-in amplifier which makes the input 
interesting—20 volts into 10K impedance. 
Operating from dc power, the unit will 
count up to 15 counts per second. There's 
a manual reset and, as you can see, visual 
readout. 


How It’s Used. The Pulse Totalizer is part 
of a fuel measuring system aboard a jet 
airliner. A flowmeter acts as a transducer, 
and an amplifier delivers pulses propor- 
tional to the number of gallons to the 
Pulse Totalizer. The output from the Total- 
izer is delivered to multi-channel recorders 
as an indication of how much fuel was con- 
sumed per unit time. The visual readout 
feature of the Totalizer also permits its use 
on a photo panel aboard the aircraft for 
studies of fuel flow rate and total con- 
sumption. 

This is another example of how Spectrol 
PRECISION MECHANISMS free the sys- 
tems engineer from building functional 
subassemblies. If you need modules using 
components such as gear drives, clutches, 
precision potentiometers and servomotors 
—Spectrol can help. 


For more details, call your Spectrol engi- 
neering sales representative, or address 
Dept. 32 

21 


Engineering Applications of Boolean Al- 
gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
a never-before-published appendix. 
Written by Boris Beizer, Airborne In- 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora- 
tion. $2.00 


Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separate- 
ly. A practical guide to the under- 
standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include: 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry: 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule. 
Written by Ira Ritow, whose previous- 
ly published work in Et vectricar 
MANUFACTURING “Capsule 


Calculus.” $1.00 


includes 


| Five-Year Annotated Editorial Index to 


Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in EvLectrricaL MANUFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded. $2.00 


Plus or Minus 


(Continued from page 16) 


to the dark ages of mechanical sim- 
plicity. But a design philosophy pred- 
icated on simplicity of use, mainte- 
nance, and replacement will bring us 
to the brightened future of complex 
machines serving men and their work 
burden. 

Mr. Design Engineer, spare no 
money or effort in our behalf—and 
your own! 


HAROLD G. EICHER 
President 


This “Diamond H” 


® 
Checklist of 


Reliable Controls 


. . . Relays, Thermostats, 
Switches . 
meet your specific require- 


. engineered to 


ments in a wide variety of 
applications including air 
conditioning, appliances, air- 
craft, missiles, machine tools, 
panel boards, heater and mo- 
tor control circuits, and many 
others. 


Ask also for our new applica- 
tion data sheets on Series R 
and Series W Relays, and 
Rotary Switches. 


“HART 


MANUFACTURING COMPANY 
211 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 





Macnetico, Inc. 


ELECTRONICS CORPORATION 
East Northport, New York 


1704 South Del Mar Ave. * San Gabriel, Calif. | 
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iat ta BRIGHTNESS 


Tung-Sol lamps give long life light-up 
to Gackured 0 WN “Computer Control” 


By adapting computer readout techniques, Packard-Bell 
has come up with an exclusive TV tuning device that 
makes channel selection an exciting, space-age treat. 
Featured on all new Packard-Bell TV sets, “Computer 
Control” flashes each TV channel number into its 
proper position on the computer panel 
as you dial. 
Tung-Sol lamps supply the readout 
illumination so that clear, bright figures 
are displayed with across-the-room visi- 
bility! Packard-Bell engineers selected 
the Tung-Sol #12 Baseless Lamp for 
its outstanding reliability and long life. 
Such full-life dependability results from 
Tung-Sol’s unparalleled manufacturing 
processes and unexcelled quality 
standards. 
Whatever your lamp requirements for 
instrument panels or any other low 


voltage application, there’s a Tung-Sol miniature lamp 

ready to provide the exact service you need. Initial 

equipment manufacturers have long depended on Tung- 

Sol not only to supply both ‘stock’ and ‘special’ lamps 

of superior quality, but also to meet the strictest delivery 
schedules. 

In view of the apparent similarity be- 
tween many lamp types, it is recom- 
mended that you consult Tung-Sol be- 
fore freezing your design. Our lamp 
experts will help you select the precise 
unit for your application. Tung-Sol Elec- 
tric Inc., Newark 4, New Jersey. 
TWX:NK 193. 


Technical assistance is available through the follow- 
ing sales offices: Atlanta, Ga.; Columbus, Ohio; 
Culver City, Calif.; Dallas, Texas; Denver, Colo.; 
Detroit, Mich.; Irvington, N. J.; Melrose Park, IIL; 
Newark, N. J.; Philadelphia, Pa.; Seattle, Wash. 
Canada: Montreal, P. Q. 


NG-SOL 
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New from Cutler-Hammer... 


ELECTRICAL MANUFACTURING 
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Now! A limit switch 
with more than twice the life 
of any other type made! 


Cutler-Hammer’s new oil tight limit switch cuts the biggest 
cause of machine too/ electrical failures in half 


| pees switch failure has caused more produc- 
tion down time than any other electrical 
component. Now, Cutler-Hammer has the best 
cure yet for this big industrial headache—the most 
reliable limit switch made. 

Under test conditions so tough they’d never 
be equalled in actual production, it has lasted 
more than twice as long as the best of competi- 
tion. Be sure to send for Pub. ED143-G231 for 
complete information. 

Cutler-Hammer is on the move, and this new 
limit switch is just one of many examples. 

You can see this new power in new products, in 
new engineering depth, particularly in industrial 
automation. Our Airborne Instruments Labora- 


WHAT’S NEW? ASK... 


tory Division, for instance, adds electronic ex- 
perience to the advanced control engineering which 
has put us into a position of leadership through- 
out the world. We’ve developed systems that auto- 
matically handle everything from charging a blast 
furnace to counting and stacking newspapers. 
We've added plants to give us more manufac- 
turing capacity. 

The new trademark you see here represents our 
new capability to help you meet the tremendous 
demands that you are going to face in the years 
ahead. We want to help you plan ahead so you 
can keep ahead. 

Phone your nearest Cutler-Hammer office now 
and let us tell you our story. 


c 


Cutler-Hammer Inc., Milwaukee, Wis. * Division: Airborne Instruments Laboratory» Subsidiary: Cutier-Hammer International, C. A. 


Associates: Canad Cutler-Ha er, Ltd.; Cutler-Hamme 


r Mexicana, S. A.; Intercontinental Electronics Cc 
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Literature 
for the 


Design Engineer 


All-new listings of manufacturer’s literature just off the press . . . 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


SERVOMOTOR TEST REPORT 


Report describing electrical and me- 
manufac- 
under 
conditions is 
available. Report is detailed and certi- 
fied. The 14-page publication describes 
purpose and nature of study, and ap- 


characteristics of 
Size 8 


environmental 


chanical 
turer’s servomotors 


various 


paratus employed. Test procedures are 
listed in detail as performed. Data, re- 
sults and conclusions are tabulated. 
Helipot Technical Information Service, 
Beckman Instruments, Ine., 2500 Ful- 
lerton Rd., Fullerton, Calif. 

Circle 632 on postcard at end of book 


WELDED FASTENERS 
Fifty-page Catalog 60 presents techni- 
cal data and welding information for 
users of welded fasteners and parts. In 
addition to dimensional information on 
stock weld nuts, weld screws, special- 
purpose weld parts and leg levelers, the 
catalog includes electrode data and de- 
signs, and weld setups for welding in- 
dividual parts plus illustrations and 
descriptions of typical applications. 
Sales Dept., Ohio Nut & Bolt Co., 33 
First Ave., Berea, Ohio. 

Circle 633 on postcard at end of book 


R-F CONNECTOR SELECTION 
Four-page brochure serves as a guide 
to selection of r-f connectors by RG 
cable types. Includes cross reference of 
cables vs applicable connectors. Cable 
and connectors listed include all ver- 
sions. Also has guide for adapters be- 
tween series which provide means of 
connection between various  solid-di- 
electric r-f cable connector series; also 
category definitions, to indicate current 
preferences over obsolescent compo- 
nents and their preferred replacement. 
Schweber Electronics, 60 Herricks Rd., 
Mineola, L. I., N. Y. 

Circle 634 on postcard at end of book 
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INDUSTRIAL PLASTICS 


A 16-page booklet on the manufac- 
turer’s products and services outlines 
properties, applications and availabili- 
ties of Polypenco nylon, Teflon, Fluo- 
rosint TFE-base resin and other indus- 
trial plastics. Similar coverage is 
allotted to nylon tubing and braided 
hose. Booklet presents data on sintered 
parts and specialty nylon molding pow- 
der formulations. Engineering informa- 
tion on finishes for basic fluidized bed 
coating process included. The Polymer 
Corp., 2120 Fairmont Ave., Reading, 
Pa. ; 
Circle 635 on postcard at end of- book 


AUDIO SPECTRUM ANALYSIS 


Product improvement through noise 
control is the subject of an 1l-page 
guide. Practical interpretation of typi- 
cal noise spectrograms made by the 
manufacturer’s analyzer is presented. 
Analysis can be made in frequency 
bands as narrow as one-third octave. 
B & K Instruments, Inc., 3044 W. 106 
St., Cleveland 11, Ohio. 

Circle 636 on postcard at end of book 


INDUSTRIAL LAMINATES 
Bulletin L-CDL-494 discusses Texto- 
lite industrial laminated plastic sheets, 
tubes and rods, listing applications, 
features, characteristics and sizes avail- 
able in over 50 grades. Included are 
phenolics, silicones, melamines and 
filled epoxies. Also shown are features 
and properties of copper-clad laminates. 
General Electric Co., Laminated Prod- 
ucts Dept., Coshocton, Ohio. 

Circle 637 on postcard at end of book 


CAPACITOR CATALOG 

Sixteen-page capacitor catalog contains 
electrical specifications, temperature 
characteristic graphs and construction 
details. Variety of capacitor types and 
case styles, including high-voltage 


midgets, metallized paper, Mylar or 
Teflon, Kraft-Mylar and foil missile 
miniatures are featured. Electron Prod- 
ucts Technical Information Service, 
2065 Huntington Dr., San Marino, 
Calif. 

Circle 638 on postcard at end of book 


HANDLES 


More than thirty sizes and shapes of 
panel and instrument handles are 
shown on a catalog sheet. Oval and 
round handles in brass, aluminum and 
stainless steel are available from stock. 
Special sizes, materials and_ finishes 
fabricated to order. Hydro-Hone Div., 
Gemair, Inc., 7516 Pacific Blvd., Hunt- 
ington Park, Calif. 

Circle 639 on postcard at end of book 


GUIDE TO STEEL ANALYSES 
Pocket-size, 20-page booklet lists com- 
positions of 40 stainless steels, 184 al- 
loy steels and 105 carbon steels most 
often used in industry. Also contains 
important federal specifications with 
nearest corresponding SAE, AISI and 
AMS numbers. Stainless and Strip Div., 
Jones & Laughlin Corp., Box 4606, 
Detroit 34, Mich. 

Circle 640 on postcard at end of book 


CABINET FEET AND BUMPERS 
Cooper clip, described in four-page bul- 
letin, is an assembly consisting of a 
rubber extrusion and a spring-steel clip 
which retains rubber and acts as fas- 
tener for entire unit. Seven basic styles 
have application as feet, bumpers, 
shock absorbers, vibration dampers, and 
insulating devices under both static and 
dynamic loads. Industrial Rubber 
Products Div., Cooper Tire and Rub- 
ber Co., Dept. 1-D, Findlay, Ohio. 
Circle 641 on postcard at end of book 


CAPACITOR CATALOG 
Catalog describes a line of “specialty” 
and feed-thru capacitors. “Specialty” 
capacitors meet specific military and 
commercial requirements encountered 
in such applications as missile and air- 
craft systems, high-power radar and 
data-processing. In many cases, these 
units meet physical and mechanical re- 
quirements of MIL-C-25A, and relia- 
bility requirements of MIL-C-14157A. 
Included in 16-page catalog are sub- 
miniature feed-thru capacitors with cur- 
rent ratings of 5, 10 and 20 amp. Me- 
chanical and electrical characteristics 
given. Marketing Dept., Filtron Co., Inc., 
131-15 Fowler Ave., Flushing 55, N. Y. 
Circle 642 on postcard at end of book 


HYDRAULIC-CYLINDER DESIGN 
NOMOGRAM 


Nomogram for use in the design of 
hydraulic cylinders makes it possible to 
determine proper cylinder size for a 
given load, system pressure, and rod 
diameter. For system pressures to 10,- 
000 psi; loads to 110,000 Ib; cylinder 
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EXTRUSION 


makes the difference in 


BEN-HAR “II5I” 


SILICONE RUBBER FIBERGLASS SLEEVING 


The super-tough durasyl silicone rubber coating of 
Ben-Har “1151” is so tough and so effectively bonded to the 
supporting braid that breakdowns caused by pushback, 
abrasion or rough handling are eliminated. Applied by a new 
extrusion process, durasyl is so flexible that expansion up 
to a 400% increase of a.w.g. size is possible, minimizing 
tolerance problems. 

Extrusion technique permits continuous electronic inspec- 
tion, assuring absolute uniformity and unique outside diame- 


ter control, holding it to a maximum of + .005 inches. 
These are some of the superior advantages Ben-Har “1151” 
offers over conventionally dip-coated class H sleevings . . . 
send now for free testing samples and data sheet. 


BENTLEY-HARRIS MANUFACTURING CO. 
400 BARCLAY STREET CONSHOHOCKEN 2, PA. 
Telephone: TAylor 8-7600 


Fingernail 
Damage 
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sizes (compensated for rod diam) to 
8.0 in. Ground Systems, Inc., 9752 
Cortada Ave., El Monte, Calif. 

Circle 643 on postcard at end of book 


AIR-PRESSURE AND 
GAS-DENSITY SWITCHES 


Four technical data sheets describe and 
illustrate two absolute  air-pressure 
switches and two gas-density switches 
employed as control and warning de- 
vices to monitor pressures or densities 
of gas or vapors either in sealed con- 
tainers or in open systems. Typical ap- 
plication, dimension drawings, specifi- 
cations and characteristics included. 
Newark Controls Co., 15 Ward St., 
Bloomfield, N. J. 

Circle 644 on postcard at end of bool. 
LABORATORY STANDARDS 
Precision electrical instruments are de- 
scribed in 23-page brochure which de- 
tails and diagrams each major compo- 
nent, including construction and choice 
of special materials. Instruments de- 
scribed include d-c voltmeters and am- 
meters; a-c or a-c and d-c voltmeters, 
ammeters, and wattmeters; current 
transformers; and low-voltage standard- 
izing potential transformers and _ high- 
voltage potential transformers. Section 


Instruments Div., Daystrom, Inc., 614 
Frelinghuysen Ave., Newark 12, N. J. 
Circle 645 on postcard at end of boo 


CONSTANT-VOLTAGE SUPPLY 
Specification Sheet B951:2, two pages, 
presents data on reference supply with 
an output of 1 volt 
+20 per cent supply voltage fluctua- 
tion. Current is 2 ma. Drift: +£0.08 per 
cent max over 10,000 hr; temperature 
coefficient: +0.0045 per cent max/deg 
C change in ambient. Hays Corp., 
Michigan City 34, Ind. 

Circle 646 on postcard at end of book 


+0.05 per cent for 


SYNTHETIC RUBBER-COATED 
FABRICS AND CEMENTS 


Booklet of 12 pages describes types of 
fabrics that may be coated and _ pos- 
sible elastomeric coatings. Included is 
a table of specifications. Mention is 
made of end uses, cements, and stock 
“Fairprene” constructions of coated 
fabrics. Fabrics Div., E. I. du Pont de 
Nemours & Co., Inc., Wilmington 98, 
Del. 

Circle 647 on postcard at end of book 


ELECTRICAL CONTROL EQUIPMENT 


Condensed catalog, 155 pages, describes 


electrical control, distribution and 


molded-case circuit breakers, enclosed 
circuit breakers, manual starters, drum 
switches, a-c magnetic contactors and 
starters, pushbutton stations, and dis- 
tribution equipment. Federal Pacific 
Electric Co., General Offices, 50 Paris 
St., Newark 1, N. J. 

Circle 648 on postcard at end of book 


DIFFERENTIAL TRANSFORMER 
INDICATOR 
Accurate indication and recording of 
static and dynamic values of linear 
motion, acceleration, force, pressure 
and other quantities measurable by dif- 
ferential transformer transducers is 
achieved with Model 300BF indicator 
described in Bulletin 300 B, two pages. 
Values are displayed on 10-in. panel 
meter. Accuracy is 1 per cent with 
maximum resolution of 0.000005 in. of 
core displacement. Daytronic Corp.. 
225 So. Jefferson St., Dayton 2, Ohio. 
Circle 649 on postcard at end of book 
THERMAL VALVES 
Bulletin SP-20 presents data on valves, 
for pilot or control use, actuated by a 
bimetallic disk. Depending upon con- 
figuration, valves can be either snap- 
acting for control of 
media flow or modulating for graduated 


instantaneous 


control within fixed temperature range. 
Over-center force inherent in the bi- 
metallic disk mechanically 
closes valve orifice. Spencer Products 


on transformer-ratio and phase-angle power equipment. Complete — with 


curves indicates necessary corrections photographs, tables of specifications. 
for residual instrument 


Weston 


errors that and wiring diagrams, catalog covers 


transformers may 


opens or 
products including low-voltage fuses, 


ECONOMICAL 
METAL DECORATING 
PROVING 
SHORT-RUN COLOR 


KALLE 


FLATBED OFFSET PRESSES 
.. continuously adjustable speeds from 
320to850 «4 iph, with tight register 


; 


eck ee 


introduce. 





SPLIT PHASE MOTORS 


1/4 TO 1/2 HP. 
1725 RPM, 115 V. 
CONTINUOUS DUTY 
DRIPPROOF 
NEMA 56 FRAME 


LARGE STOCK —LOW PRICES 


Precision, built-to-last Dayton brand for the growing 
market that prefers Nema 56 frame size split phase 
motors. Universally used on appliances, fans, blowers, 
coolers, tools, pumps and similar moderate torque, 
continuous-duty applications. All-angle mounting, high 
load carrying capacity sleeve bearings. Shaft height, 
3%". Resilient or rigid mounted. Automatic overload 
models. Available at 65 Grainger Warehouses from stock 
—at prices that will more than please you. 


Write for Bulletin 208 and Wholesale Motor Catalog 


Refrigerated plate- bed for automatic 
dampening /3-form roller inking / heated 
cylinder for fast drying /adjustable bed 
depth /easy access to cylinder, plate, 
inking system / Priced right / Sizes: 13”x 
18", 16x20”, 20”x28”, 22”x30", 23”x36” 


AMSTERDAM CONTINENTAL 
TYPES & GRAPHIC EQUIPMENT, INC. 
276 Park Ave. S., New York 10. SP 7-4980 


65 WAREHOUSES COAST-TO-COAST 


W.W.CJRAINGER_INC. 


DEPT. 151. 118 S. OAKLEY BLVD. CHICAGO 12 
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PIGTAIL TOP HAT SILICON 
RECTIFIERS 
E.1.A. Number PIV 
1N536 50 
1N599 50 
1N599A 50 
1N1217 50 


veeeeaee STUD MOUNTED SILICON 
1IN530 RECTIFIERS 

1N537 E.1.A. Number PIV 
1N600 1N607 50 
1N600A 1N607A 50 
1N1100 1N340 100 
1N1218 1N338 100 
1N601 1N349 
1N601A 1N348 
1N1219 1N347 
1N441B 1N253 
1N531 1N608 
1N538 1N608A 
1N602 1N609 
1N602A 1N609A 
1N1101 1N336 
1N1220 1N337 
1N442B 1N346 
1N532 1N345 
1N539 1N254 
1N603 1N610 
1N603A 1N610A 


flexibility | ms 
in rectifier 


circuit design | 


1N611A 
1N1222 
CHOOSE HUGHES SILICON RECTIFIERS 


SSssssssssssss 


1N332 

1N333 

1N342 

1N444B 1N341 

1N534 1N255 

1N605 1N612 

1N605A 1N612A 

1N1104 1N613 
1N1223 
1N445B 

With over 100 different JEDEC types available, Hughes | | 1N535 


1N613A 
' ; ; 1N547 
offers you one of the industry's largest selections of stud 


ie A OAC fA te EI 


1N256 
1N606 


1N614 
1N614A 

mounted and top hat silicon rectifiers. And with their | | 1N606A 

hermetically sealed, corrosion resistant packages, these | } 


1N562 
1N563 
rectifiers give you maximum reliability! 
| 
4 


200 
200 
200 
200 
200 
200 
200 
300 
300 
300 
300 
300 
300 
300 
400 
400 
400 
400 
400 
400 
400 
500 
500 
500 
500 
500 
500 
600 
600 
600 
600 
600 
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= 


Creating a new world with ELECTRONICS 
Semiconductor Sales Office or Distributor nearest you. Or, 


for further information write Hughes, Semiconductor 


To order any of these devices please contact the Hughes 
; 
Division, Marketing Department, Newport Beach, California. f 


Forexportwrite: Hughes International, Culver City, California. © 1960 myOnES AIRCRAFT COMPANY 
hud SEMICONDUCTOR DIVISION 


ia 


tl 
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Group, Metals & Controls Div., Texas 
Instruments Inc., 34 Forest St., Attle- 
boro, Mass. 


Circle 650 on postcard at end of book 


SOLID-STATE DIGITAL ELEMENTS 

Application Data Sheet describes “Mi- 
elements for digital computer 
These silicon transistors 
are packaged in eight-lead JEDEC 
lO-5 cases. Present elements include 
flip-flop, half-shift register, gate, buf- 
fer, half-adder. Average power dissipa- 
speed, 10 mc max. Fair- 


crologi sl 
applications. 


tion, 30 mw; 
child Semiconductor Corp., 545 
Whisman Rd., Mountain View, Calif. 

Circle 651 on postcard at end of book 


SILVER-ZINC BATTERIES 

Bulletin Z-101, eight pages, 
technical data on three batteries for the 
missile field. Bulletin lists specific data 
for automatically activated primary 
battery and two rechargeable batteries 
Data listed include electrical, physical, 
and typical application 


contains 


environmental 
characteristics, as well as discharge 
curves. Yardney Electric Corp., 40-50 
Leonard St., New York 13, N. Y. 
Circle 652 on postcard at end of book 


ELECTRIC POWER DRIVES 
Revised Catalog 
and includes over 8000 ratings. Also 


258 contains 68 pages 


included are data, dimensions and 


modifications for drip-proof motors, 
squirrel-cage motors, gearmotors, speed 
reducers, right-angle gearmotors, right- 
angle variable-speed drives, and vari- 
able-speed drives. Ratings are from 14 
to 200 hp. Variable-speed drives range 
from 4660 to 0.2 rpm in variations 
from 2:1 up to 10:1. Sterling Electric 
setors, 5401 Telegraph Rd., Los An- 
geles 22. Calif. 

‘aa 653 on postcard at end of book 


RELAY ANALYZER 


Data sheet lists features and specifica- 
tions of Model 140 analyzer with crt 
display. Analyzes relay operation under 
actual contact current (make and break 
time, contact resistance, contact 
bounce, pull-in and drop-out voltage) 
and permits automatic cycling of relay 
at adjustable rate. Schmeling Elec- 
tronics, 20 First St., Keyport, N. J. 
Circle 654 on postcard at end of book 


COMPONENTS AND SYSTEM THEORY 


Technical Journal Volume I, No. 1, is 
devoted to study and theory of elec- 
tronic components and systems. First 
four-page issue features articles titled 
“The Duel Between Vacuum Tubes and 
Magnetic Amplifiers” and “The Mag- 
netic Amplifier as an Integrating De- 
vice.” Airpax Electronics Inc., Seminole 
Div., Fort Lauderdale, Fla. 

Circle 655 on postcard at end of book 


TUBE INTERCHANGEABILITY 
DIRECTORY 
Form 1CE-197 is a chart that covers 
approximately 450 foreign tube types 
used principally in entertainment equip- 
ment. Where available, either direct or 
similar RCA tube types for use as re- 
placements are listed. Commercial En- 
gineering, Electron Tube Division, 
RCA, Harrison, N. J. 

Circle 656 on postcard at end of book 


SOLID-STATE POWER SUPPLIES 


Bulletin PS 2013, describing plug-in 
power supplies, consists of two pages. 
Models cover every voltage in the 
range of from 1 to 50 volts, adjustable 
over a one-volt band. Current ranges 
up to 2 amp are available. Other 
models cover voltage ranges up to 100 
volts, some with limited adjustment, 
others with wider adjustment. Deltron 
Inc., 4th & Cambria Sts., Philadelphia. 

Circle 657 on postcard at end of book 


RETAINER BEARINGS 
Four-page engineering data sheet W-I 
on “W” retainer bearing gives informa- 
tion on such items as _ performance, 
torque, dimensions, load capacity, toler- 
ances, calibration and radial play. Bear- 
ings using retainer are miniature and 
instrument sizes synchros, 
small motors, potentiometers and other 
(Continued on page 245) 
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there are LAS TUE 


THERMO-KANTHAL 


be ed dtd dT eg 
|_| | Ordinary Alloys 


THERMOCOUPLES 
ARE MORE STABLE 


Thermo-Kanthal is a product of world recognized 
Kanthal leadership in special purpose resistance and 
heating alloys. It is specifically designed to combat 
the problem of stability with age and use. Particular 
attention to the composition of the negative leg has 
resulted in a new order of accuracy and stability, 
particularly in the 1800°F to 2300°F range. 


Thermo-Kanthal couples meet all standard emf curves. 
No change in instrumentation is necessary. In addi- 
tion to operating savings, as in less recalibration, 
Thermo-Kanthal actually costs less initially. Write for 
detailed data today. 


Ui ny mye eke) 1 Te) 7 Wile). 


3 Amelia Pl., Stamford, Conn. e Can. Rep. Ferro Enamels, Ont., Canada 
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Actual size 


with traditional 


Allen-Bradley Reliability 


Standard A-B 2-watt 
composition resistor 
(actual body size 
M6" long) 


Standard A-B 4-watt 
composition Smallest hot- Ceramic holder 


et ; ee : 
resistor i. » molded resistor ; for resistors 
ever made 


World's smallest 4 
capacitor; tubular Pellet type resistor 
Precision metal ceramic—to 1500 mmf 


Dumbbell capacitor grid resistor 


ie, aka 
se I % ’ . ba 
i Soa . ‘ Wafer t 
Doughnut ferrite torroid F a 4 afer type 
\ os aS ceramic capacitor 
~ “Awe <x 


bad 


Hot-molded resistors 


Ceramic capacitors : , 
in ceramic wafer 


High capacity in ceramic wafer 


Hot-molded ceramic capacitor 


resistor plate 


Enlarged 2'/, times 


no Allen-Bradley has developed a variety of remarkable micro- 
miniature components. These components include standard 


types for wafer configurations, as well as several unique units 


which would seem to hold extremely interesting possibilities 
3 R my 2 E; Y for future developments. In addition, A-B research has suc- 
ceeded in removing the major hurdle in connection with 


consistent “reliability.” This permits the production of fan- 
tastically small components. For example, the hot-molded 
resistors for wafer mounting are only 0.155” long and 0.025” 
in diameter. 

These achievements in the field of micro-miniature com- 
ponents typify the advanced engineering at Allen-Bradley. 
Naturally, we’ll be very happy to help you with your minia- 
turization problems. 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. ¢ In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
1-60-€ 
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New Type L 
Potentiometer 
Actual Size 


ADDITIONAL ALLEN-BRADLEY 
HIGH TEMPERATURE POTENTIOMETERS 
Type L 
Y2 Watt at 100°C ov 


VW, 


Type L with 
125v Line Switch 


Type K 
2 Watts, 100°C; 
1 Watt, 125°C 
nee 


Type L 
Encapsulated 


Allen-Bradley 
POTENTIOMETERS 
for HIGH 
TEMPERATURE 
APPLICAT 


..-Up to 150°C! 


This new Allen-Bradley po- 
tentiometer —the Type L—is especially 
designed to solve problems associated 
with high ambient temperatures — High Temperature 
and space conservation. Although ex- Type L Potentiometer 


tremely compact —0.5 inch in diameter mit. kd td 
—the Type L control has a conserva- m ‘Senaee 


Load Rating Curve of Type L 


tive rating of 0.5 watt when operating 
in an ambient temperature of 100°C. 
And, it provides reliable performance 
when operated at a temperature of 
150°C — under “no load’ conditions. 
(See graph at right. 
The new Type L control 
features the same solid, hot molded re- 
sistance element that has proved un- 
equaled for long life, smooth operation, 
and low “‘noise”’ characteristic in Allen- 
Bradley’s popular Type J, Type K, and 100° 110° 120° 130° 140° 150 
Type G potentiometers. When tempera- 
ture and space problems in your de- 
signs plague you, this new A-B “high AMBIENT TEMPERATURE °C. 
temperature’’ potentiometer is a reli- Load Capabilities of Type L below the 
able answer. Please send for complete Critical Resistance Value. Type L Far Ex- 
information, today. ceeds the Requirements of MIL-R-94B. 


ALLEN -BRADLEY 


Quality Electronic Components 


Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4, Wis. « In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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applications. The Barden Corp., Dan- 


bury, Conn. 
Circle 658 on postcard at end of book 


BALL-DISK INTEGRATOR 


Model 031-2000 mechanical integrator 
is described on two-page data sheet. It 
may be used as computing system com- 
ponent or breadboard item. Disk input 
torque, 0.33 in.-oz no load; output tor- 
que, 1.0 in.-oz max; disk input speed, 
250 rpm max. M. Ten Bosch, Inc., 
Pleasantville, N. Y. 

Circle 659 on postcard at end of book 


LAMINATED PLASTICS CATALOG 


Catalog 20.000.13 covers Insurok lami- 
nated plastic sheets, rods, tubes and 
fabricated parts, their grades, proper- 
ties, and sizes. Eight-page publication 
provides engineering data, products de- 
scriptions and applications of NEMA 
and special-grade laminates. Richard- 
son Co., 2731 Lake St., Melrose Park, 
Til. 

Circle 660 on postcard at end of book 


WAVE-ANALYZER SYSTEMS 


Bulletin DB 9050a, 16 pages, describes 
and illustrates automatic wave analysis 
for Fourier and spectral power studies. 
Frequencies and amplitudes of vibra- 
tion, flutter, noise, and other types of 
complex waves are charted. Records 
can be of linear or squared amplitudes, 
or on frequency vs time basis. Bulletin 


different 
motorized 


shows relation of magnetic tape re- 
corder, playback loop transport, and 
wave analyzer. Charts and specifications 
define accuracy and selectivity of ana- 
lyzer. Minneapolis-Honeywell, Indus- 
trial Systems Div., 10721 Hanna St., 
Beltsville, Md. 

Circle 661 on postcard at end of book 


SINGLE-PHASE LINE-VOLTAGE 
REGULATORS IN THREE-PHASE 
CIRCUITS 


How to use single-phase a-c regulators 
to accomplish effective voltage regula- 
tion in three-phase circuits is the sub- 
ject of Application Bulletin AC610. 
Bulletin covers use of three single-phase 
regulators in three-phase circuits with 
inputs in four-wire Y and outputs in 
delta or Y. Delta inputs can be regu- 
lated by addition of auxiliary transfor- 
mer. Phase-shift relations between in- 
put and output are discussed, and the 
results of laboratory tests are described. 
Limitations of “open-delta” connection 
are explained. Sorensen & Co., South 
Norwalk, Conn. 

Circle 662 on postcard at end of book 


120-WATT TRANSFORMER 

Two-color data sheet T9-5 describes a 
high-temperature transformer Series 
880 that is 1 3/16-in. thick and weighs 
15 oz. Included in bulletin are specifica- 
tions and dimensional drawings. Stand- 


ard units operating at 115 volts, 400 


eps, can be supplied with secondary 
voltages from 5 to 2000 volts. Regu- 
lation, 5 per cent max; ambient tem- 
perature, —55 to -+-100 C. Arnold Mag 
netics Corp., 6050 W. Jefferson Blvd., 
Los Angeles 16, Calif. 

Circle 663 on postcard at end of book 


GERMANIUM POWER TRANSISTORS 


Data Sheets 2N174, 2N297A, 2N665, 
2N1100, and 2N1168 describe p-n-p 
germanium transistors and present rat- 
ings, characteristics, and curves. In 
order, their applications are: regulated 
power supplies or servo amplifiers, gen- 
eral use or switching, reguleted power 
supplies or servo amplifiers, general use 
or switching, Class A or B audio ampli- 
fiers. Delco Radio Div., General Motors 
Corp., Kokomo, Ind. 

Circle 664 on postcard at end of book 


INSULATED-RUNNER INJECTION 
MOLDING 


Bulletin 21, four pages, describes a new 
economical molding technique for mul- 
ticavity, center-gated items, or for 
multigating. Reprinted from SPE Jour- 
nal, Vol. 15, No. 9. Phillips Chemical 
Co., Bartlesville, Okla. 
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SOCKET, SHIELD, CONNECTOR 
CATALOG 


General catalog lists and describes 
miniature and standard tube sockets, 


Lepel 


ba SO 


HIGH FREQUENCY INDUCTION 


DU 


Hardening * Annealing * Soldering 
Brazing * Zone Refining * Crystal Growing 


speed reducers Foote 


available from stock 


Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 
delivery, from stock. Ratios range from 5 to 1 to 60 to 1, 

in capacities from 1% H.P. to 5 H.P. 


Pap (iti on “G")Flange Reducers 


SRA eat a a ke 
1 kw; 2% kw; 5 kw; 10 kw; 
20 kw; 30 kw; 50 kw; 

75 kw; 100 kw. 


Nae am a a 
2 kw; 4 kw; 72 kw; 
15 kw; 30 kw. 


may be ordered complete with mo- 
without mOtot, to be used 


+ own choice. 


Weite f ees y of 
one heel loe 
No. M-140. 

Licensed under Pat. 2,868,031 


AMERICAN STOCK GEAR Division 


PERFECTION GEAR COMPANY HARVEY, ILLINOIS 


WRITE FOR THE NEW LEPEL 
CATALOG 36 illustrated pages 
of valuable information 


HIGH FREQUENCY 
epel LABORATORIES, INC. 


55th ST. & 37th AVE., WOODSIDE 77, N. Y. 
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tube shields, transistor sockets, and 
Varicon connectors. Modular connec- 
tors available with numbered sections, 
color-coded sections, handle, junction 
shells, taper-pin terminals, or guide 
pins. Eleo Corp., “M” St. below Erie 
Ave., Philadelphia 24, Pa. 

Circle 666 on postcard at end of book 


VARIABLE-SPEED PULLEYS 


Pulleys plus related equipment, includ- 
ing compound drives, NEMA motor 
bases and frames, wide V-belts and 
sheaves, are described in a 24-page tech- 
nical catalog. Information includes se- 
lection and operating data, horsepower 
ratings, dimensions and representative 
applications. Variable-speed pulleys are 
cam-operated type which range from 
fractional to 5 hp with speed ratios 
from 1.75:1 to 2.6:1. Lovejoy Flexible 
Coupling Co., 4949H W. Lake St., Chi- 
cago 44, TIL. 

Circle 667 on postcard at end of book 


POWER SUPPLIES 


Rack-mounted, voltage-regulated sup- 
plies are described in four-page bulle- 
tin HB. Regulation is 0.1 per cent for 
line and load. Variable-voltage output, 
0 to 325 volts d-c at 200 to 400 ma in 
three models. Ripple, 3 my rms; meters 
optional; size, 34% x 19 x. 148@ in. 
Kepco Inc., 131-38 Sanford § Ave., 
Flushing 55, N. Y. 

Circle 668 on postcard at end of book 


GEARMOTORS 


5 Batic Sizes 


@ Speed up to 200 RPM 

@ Power up to 40 in. Ib. 

@ Open or enclosed case 
@ Continuous or intermittent 
® Machine cut gears 

@ Finish ground shafts 

@ Special features available 
®@ Millions in use 

@ Prompt delivery 

@ Samples at once 

@ Ask for our literature 


Motoresearch also designs and 
produces high frequency mo- 
tors, generators, rectifier type 
power supplies and other Spe- 
cial Electrical Equipment. We 
invite your inquiries. 


Millions of 
Motoresearch Gearmotors 
now in use! 


ofor 
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OPEN TYPE MOTOR 


SEARCH Company 


1600 JUNCTION AVENUE 
RACINE, WISCONSIN 
Designers and Manufacturers of 


SPECIAL ELECTRICAL EQUIPMENT | 


D-C SERVO MOTORS 
Bulletin C-2503 describes a line of 
high-response d-c servo motors in sizes 
from 14 through 1 hp. Included are 
list of features, dimensions, character- 
istics and typical applications for mo- 
tors intended for industrial applications 
requiring rapid starts, stops and rever- 
sals. Reliance Electric and Engineering 
Co., 24701 Euclid Ave., Cleveland 17, 
Ohio. 

Circle 669 on postcard at end of book 


SILICON MESA TRANSISTORS 
Two data sheets describe 2N696 and 
2N697 diffused-junction, drift-field mesa 
transistors, for use as_ high-speed 
switching units operating at medium 
power levels and as vhf amplifiers. The 
n-p-n devices, with U-shaped base- 
emitter configuration, have minimum 
high-frequency gain (at 50 ma) of 6 
or more at 20 mc. Hoffman Electronics 
Corp., 3761 S. Hill St., Los Angeles 7, 
Calif. 

Circle 670 on postcard at end of book 


DYNAMIC RECTIFIER ANALYZER 


Data Sheet 106 contains a description 
of self-contained 20-amp rectifier ana- 
lyzer Model 141A. Forward current and 
reverse voltage are independently ad- 
justable. Meter ranges provided for 
average forward current, average for- 
ward voltage drop, peak reverse voltage, 


average reverse current. Wallson As- 
sociates, Inc., 912-914 Westfield Ave., 
Elizabeth, N. J. 

Circle 671 on postcard at end of book 


PHASE-SEQUENCE RELAYS 


Bulletin 2001 describes relays that offer 
automatic monitoring of three-phase 
power. If incorrect phase sequence is 
applied, unit prevents application of 
current to equipment. Unit senses se- 
quence and closes a contact when ap- 
plied phase sequence is A-B-C. Relay 
contact is NO, rated 1 amp inductive. 
Contact remains open when any lead, 
or any combination, is open and/or 
grounded. Master Specialties Co., 956 
E. 108 St., Los Angeles 59, Calif. 
Circle 672 on postcard at end of book 


SILICON GLASS DIODES 


Bulletin 11-108 has technical data for 
seven diodes manufactured to conform 
to military specifications. Two pages in- 
clude specifications, curves and illustra- 
tions of silicon diodes 1N457, 1N458, 
1N459, 1N643, 1N658, 1N662 and 
1N663. Silicon Transistor Corp., Carle 
Place, L. I., N. Y. 
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REMOTE TEMPERATURE CONTROLLER 
Type PC electronic controller, which 
gives sensitive temperature’ control 
within 1 F up to 600 F, is described 
on Sheet PK-100. Sensing element is 


TONOX 


EPOXY CURING AGENT 


for encapsulating 
electrical components 


@ low cost 





@ minimum vapor hazard 
and skin staining 


gives LONG POT LIFE — 


@ high strength 
@ high heat distortion point 


®@ high moisture resistance 


Write for information 


Naugatuck Chemical 
Division of United States Rubber Company 


458X Elm Street, Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices 
CANADA: Naugatuck Chemicals Division, Dominion Rubber Co.. Lté.. Elmira, Ontario - CABLE: Rubexport, W. Y. 
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Another Tinnerman Original... 


Nut-in-a-cage eliminates welding or staking... 
SPEED GRIPS hold themselves on panels! 


Wherever you require a heavy-duty, multi- 
thread, self-retaining fastener, a Tinnerman 
SpeED Grip Nut Retainer answers the need, 
holds down assembly costs. 


SPEED GRIPS snap into place...some into 
panel holes... others over panel edges. No 
special tools or skills required. Spring-steel 
fingers grip the panel, yet let the nut float to 
compensate for normal panel-hole misalign- 
ment. Welding, staking and clinching are 
eliminated. SPEED GRIPS can even be applied 
after panels have been finished, avoiding paint- 
clogged threads. 

SpeEp Grips are available in a wide range 
of sizes and types, including front-mounting 
nut and bolt retainers for hard-to-reach or 
blind locations. 

See your Sweet’s Product Design File, sec- 
tion 8-T for data on these and other SPEED Nut 


Brand Fasteners. Your Tinnerman representa- 
tive has complete information and samples. If 
he isn’t listed under “Fasteners” in your 
Yellow Pages, write to: 

TINNERMAN PRODUCTS, ING. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 
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probe 1 in. tong, %4-in. diam. Thermis- 
tor probe may be located in platens, 
air ducts and immersion wells up to 
100 ft from amplifier-relay cabinet. 
Loads to 10 kw can be controlled di- 
rectly without separate magnetic con- 
tactor. May be used on 120, 208 or 240 
volts, 60 cps. Scale covers dual range 
from 25 to 225 F or 200 to 600 F. 
Edwin L. Wiegand Co., 7500 Thomas 
Blvd., Pittsburgh 8, Pa. 

Circle 674 on postcard at end ot book 


ENVIRONMENTAL TESTING 


Ten-page brochure describes the com- 
pany’s environmental test laboratory. 
Brochure contains description and ca- 
pacities of apparatus to measure shock 
and vibration, temperature, altitude, 
humidity, salt spray, sand and dust, 
pressure, submersion and electronic ra- 
diation. Test equipment meets require- 
ments for most current military specifi- 
cations for airborne and shipboard elec- 
tronic gear. Stavid Engineering, Inc., 
Plainfield, N. J. 
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PORTABLE D-C POWER SUPPLY 


One-page Data Sheet 17-BLO1 presents 
specifications of a source of d-c for cir- 
cuit testing, transistor testing and other 
requirements. Supply operates from any 
60-cycle, 95- to 130-volt source and 
delivers from 0 to 45 volts at up to 


2.5 amp. Unit output is continuously 


adjustable and stablized to +1 per cent 
at any output setting regardless of input 
fluctuation. Acme Electric Corp., Cuba, 
nN. ¥. 
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WIRE-SHIELDING NOMOGRAM 
Three-page technical paper on wire- 
shielding values includes nomogram to 
quickly find shielding parameters such 
as per cent coverage and wires per 
carrier. Shielding materials, angle of 
braid, and production considerations 
are briefly discussed. Revere Corp. of 
America, subsidiary of Neptune Meter 
Co., Wallingford, Conn. 
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THERMAL DELAY SWITCH 
Technical bulletin describes high-speed 
tion, specifications, and applications of 
snap-action SPDT or DPDT thermal 
device. Time range is from 10 sec to 
15 min, +10 per cent at 25 C. Avail- 
able with and without heater winding, 
in various voltages, and temperature 
compensated if desired. Time delay en- 
closure has standard octal base. Crown 
Electric Products Co., Box 17], 
Orange, N. J. 
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LATCHING RELAY 

Technical bulletin describing the BR- 
7A relay consists of two pages. Per- 
formance characteristics include vibra- 


tion to 30 g over 10-2000 cps, shock 
to 50 g, 11 millisec. Life is said to be 
over 200,000 operations at 10 amp re- 
sistive contact load and 125 C. Con- 
tacts are SPDT or DPDT. Babcock 
Relays, Inc., 1640 Monrovia Ave., 
Costa Mesa, Calif. 

Circle 679 on postcard at end of book 


SWEEP GENERATORS AND 
ACCESSORIES 


Condensed product Catalog 8B, four 
pages, provides a listing of standard 
line of sweep generators and acces- 
sories. Generators cover frequency 
range from 1 to 2300 mc. Telonic In- 
dustries, Inc., Beech Grove, Ind. 
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DIGITAL VOLTMETER 


Technical bulletin describes high-speed 
all-electronic voltmeter Model 1231 
which features accuracies to better than 
0.05 per cent, 20-millisec conversion, 
in-line readout, and automatic polarity. 
Provides four-digit indication from 
£0.0001 to 99.99 volts with other 
ranges optional. Systron Corp., 509 
Galindo St., Concord, Calif. 
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SELF-LOCKING ALUMINUM NUT 

Bulletins 3002 and 3003 review features 
and characteristics of nuts which in- 
corporate a spring-temper stainless-steel 
wire form in an aluminum (24ST-6) 





Stops 
Costly 
Scratches 


MYSTIK BRAND* 


Protecto-Mask 


SELF-ADHERING COVERINGS 


Like putting mittens on kittens, you can protect 





Encapsulated 
Bobbin 


Paper Interleave 


polished finishes on aluminum, stainless steel, plas- 


tics, glass. . 


® 
weet 


Mystik Adhesive Products, inc. 
2635 N. Kildare Ave., Chicago 39 


. metals and materials of all kinds... 
This self-stik “skin” applies quickly from the roll— 
provides a tough, scratch-proof covering during all 
processing, fabricating, handling, shipping, storage. 
Write today for information and samples. 


THRs 


Form Wound 
High Temperature 


NT Tale Me Zola aol) 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
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93 Main Street ¢ Winsted, Conn, 
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8 position 24 position 


1/25 sec. 
to 1/35 sec. 


The Ledex Rotary Selector Switch 
is a compact, highly efficient power- 
operated circuit selector or stepping 
switch, designed for remote control. 
Nearly unlimited design combina- 
tions permit great variety of applica- 
tions for stepping, counting, adding, 
subtracting, programming and se- 
quencing. Manystock models on hand 
for immediate shipment. Hermeti- 
cally sealed models also available. 

Power source is the Ledex Rotary 
Solenoid. This unit gives highest- 
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Rotary 
Selector Switch 


INFORMATION 


BASIC 


3 circuits, 
4 positions each 


1 circuit, 
12 positions 
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torque-to-size rotary motion. Ap- 
plications for Rotary Solenoids 
include actuation of valves, vanes, 
shafts, and other mechanical loads. 

Also Ledex Syncramental Step- 
ping Motors for accurate, reliable 
shaft indexing. 

Write for literature, mentioning 
application, to Ledex, Inc., Dayton 
2, Ohio; Marsland Engineering, Ltd., 
Kitchener, Ont.; NSF Ltd., 31 Alfred 
Place, London, Eng.; NSF GmbH, 
Nurnberg, Germany. 
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body, a combination which meets per- 
MIL-N- 


25027 for 550 F operation. Configura- 


formance requirements of 
tions shaped into middle winding of 
coil produce controlled-pressure lock- 
ing friction. Sizes are 4-40 through 
}.-16. Waltham Precision Instrument 
Co., 221 Crescent St., Waltham 54, 
Mass 
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CHANNEL-SCANNING DISPLAY 


Data Sheet PM2-917 describes a bar- 
graph display Ost illoscope. Profile mon- 
itor displays one or any combination of 
phenomena having comparable electri- 
cal outputs. Normal maximum inputs, 
60; sensitivity 0-10 my or 0-150 volts 
peak-to-peak; full-scale vertical deflee- 
tion, 15 min. Adjustable alarm pro- 
vided. Advanced Technology Labora- 
tories, Div. of American-Standard. 369 
Whisman Rd., Mountain View, Calif. 
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MAGNETOSTRICTION DELAY LINE 

Data Sheet 5811 describes a torsional 
mode delay line designed to meet mili- 
MIL-E-5272A. 


Delays are available from 50 to 500 


lary environments per 


usec and digit rates to 1 mc/sec. Her- 
metically sealed case with provisions 
for external delay adjustment. Ferranti 
Electric Inc., 95 Madison Ave., Hemp- 
weed: 3k, TT. 
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- SPN 


Shown above are some of the many 
Rogan knobs available from 
stock molds. Fast delivery. 

Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


8027 N. Monticello « Skokie, Illinois 


SOLID-STATE SWITCH 
Transwitch, a p-n-p-n switching device, 
is presented in Bulletin T-E 1357A, 
four pages. Device resembles a thyrat- 
ron but may be switched off through 
gate. Max ratings at 25 C: forward 
current, 50 ma; breakover voltage, 30 
or 60 volts min, depending on type; 
reverse breakdown voltage 30 or 60 
volts, depending on type. Bulletin con- 
tains numerous characteristic curves. 
Transitron Electronic Corp., 168-182 
Albion St., Wakefield, Mass. 
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TECHNICAL WRITING 


Booklet of eight pages introduces fa 
cilities of firm which writes, illustrates, 
and publishes technical manuals and 
similar material. Military technical 
manuals prepared. Manuals, Inc., 3033 
Excelsior Blvd., Minneapolis 16, Minn. 
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REMOTE INDICATION SYSTEMS 

Four-page Brochure NR-10 describes 
gage-type electric transmission systems 
for remote pressure reading and maxi- 
mum or minimum signals at one or 
more locations. Brochure contains de- 
scription and specifications of Acra- 
gage electric transmitters (gage plus 
potentiometer) and receivers for use 
in continuous applications. 
Types of receivers available: indicat- 


process 


o\ aN yo 
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o) 


CUSTOM MOLDED 


10 


YOUR OWN DESIGN 


FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 
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ing receiver or maximum-minimum 
alarm signal relay. Instrument Div., 
International Register Co., 2620 W. 
Washington Blvd., Chicago 12. 
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CAST-ALUMINUM HOUSINGS 

Sixteen-page Catalog 160 presents de- 
sign information, detailed drawings, 
photographs, and dimension charts for 
a line of housings for explosion-proof 
and weather-proof applications. Mul- 
tiple hub boxes, junction boxes, switch 
fittings, and 
housings with glass windows for in- 


boxes, vertical sealing 
struments and meters also mentioned. 
Adalet Manufacturing Co., 14300 Lo- 
rain Ave., Cleveland 11, Ohio. 
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DIFFUSED SILICON DIODES 


Sixteen-page booklet describes diode 
manufacturing processes, package de- 
sign, reverse and forward character- 
istics, and modifications for producing 
special diffused-junction diodes. With 
illustrations. U.S. Semiconductor Prod- 
ucts, Inec., 3536 W. Osborn Rd., Phoe- 
nix, Ariz. 
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ELECTRICAL CASTING RESIN 

Catalog of 28 pages covers commer- 
cially available “Scotcheast” brand 
electrical resins. Booklet discusses res- 
ins as an insulation system, tells how 
to select best resin system for a job 


new! 


a new series of 


QUICK 
DISCONNECTS 


Push-on high-pressure spring- 
loaded connections with special 
locking action. Ideal for automo- 
tive, appliances, many switch 
and control applications. Insu- 
lated and non-insulated, straight 
and flag types, 18-14 wirerange. 
Closed barrel construction for 
quick, easy crimping on wire— 
rugged, positive connection. 
Write for samples, prices. 


ETC incorPorRATED 
990 East 67th Street, Cleveland 3, Ohio 
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This finned hole cover, cast for a leading elec- 
trical manufacturer, is only one of many “Cast- 
ings by Mansfield” for the electrical industry. 
Years of experience in producing castings to 
close tolerances, castings in special alloys, cast- 
ings with special finishes and fully or partially 
machined castings make Mansfield the choice 
as a prime supplier of castings to many of the 


leading electrical equipment manufacturers. 


We'll be happy to work for and with you to 
meet your most exacting specifications in brass, 
bronze and aluminum alloy castings. Write, 
wire or phone. 


MANSFIELD BRASS & ALUMINUM CORP. 
Mansfield, Ohio 


BRASS AND ALUMINUM™M 
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A 


LOT AT STAKE ? 


transmitter 
tubes 
wake up 
Safely 

with 

this 

relay 


f 
| 


U 


| 


MERCURY DISPLACEMENT 
RELAYS 


DEPEND ON ADLAKE! 


1101 SERIES RELAYS are kind 
to expensive radio transmit- 
ter tubes ... hold back ruin- 
ous high voltage until tubes 
are warm enough to cope 
with it. Relay illustrated has 
normally open contacts of 
180 to 270 seconds at opera- 
tion time. 10 to 25 seconds 
release time. Coil is de- 
signed for 110 v., 60 cycles. 
Write for free catalog. 


The Adams & Westlake Co. 
Dept. K-8204, Elkhart, Ind. 
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and lists more than 20 flexible, semi- 
flexible, rigid and special resins, with 
examples of applications. Another sec- 
tion tells how to store and prepare 
resins; explains handling, application 
and curing techniques; discusses molds 
and mold releases, and suggests meth- 
ods of component design and prepara- 
tion. Minnesota Mining and Manufac- 
turing Co., Dept. WO-10, 900 Bush 
Ave., St. Paul 6, Minn. 
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CORE MEMORY BULLETIN 


Four-page Bulletin DF 115.1 describes 
general-purpose high-speed memories. 
Type RB memories are made in sizes 
from 128 to 1024 words and from 4 
to 24 bits per word. They operate at 
rates up to 125 ke and provide both 
random access and sequential types 
of operation. Telemeter Magnetics, 
Inc., Box 329, Culver City, Calif. 
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HIGH-POTENTIAL TESTER 


Catalog Sheet 570 on test sets for non- 
destructive testing gives characteristics 
of Megpots with variable voltage 
ranges from 0-5000 volts. Size 1144 x 
814% x 9% in. deep; weight, 12 lb; 
accuracy +5 per cent. General Her- 
metic. Sealing Corp., 99 East Haw- 
thorne Ave., Valley Stream, L. I., N. Y. 
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MINIATURE LAMPS 
Catalog 1033, 6 pages, presents a list- 
ing and characteristics of appliance, 
indicator and automotive lamps of vari- 
ous types. Included is a No. 63L Lamp 
with life in excess of 5000 hr. Chicago 
Miniature Lamp Works, 1500 No. 
Ogden Ave., Chicago 10. 
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FLAME-RETARDANT LAMINATES 
Two copper-clad laminated plastics 
called Fireban 321-R (with rolled cop- 
per foil) and 321-E (with electrolyti- 
cally deposited copper foil) are de- 
scribed in Technical Data Bulletin 
3.1.25.1 Similar to Grade XXXP but 
with special phenolic filler. Properties 
listed include bond strength, dissipa- 
tion factor, insulation resistance, sur- 
face resistivity and heat resistance. 
Taylor Fibre Co., Norristown, Pa. 
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FABRICATED ELECTRICAL 
INSULATION 


Cross-referenced index to the manu- 
facturer’s line of fabricated electrical 
insulation, Bulletin 32, lists precision 
slit insulation, wedges, slot insulation, 
and fabricated parts in various ma- 
terials, shapes, and sizes. Fabricated 
products and operations briefly de- 
scribed and illustrated. Inmanco Div., 
Insulation Manufacturers Corp., 565 
W. Washington Blvd., Chicago 6. 
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Tight Shut-Off at Pressures to 3000 PSI, 


Temperatures to Minus 350°F. 


ASCO now brings you a family of solenoid valves, specially 
designed for missile applications with tough environmental or 
operational requirements. Two, three and four way valves are 
available with standard, explosion-proof or watertight sole- 
noids; sizes range from %” through 244”. Fluids handled in- 
clude air, liquid oxygen, helium and nitrogen (liquid and 
gaseous). Valves can be supplied with continuous duty coil 
windings for 24 volts D-C, and for any other commercial volt- 
ages required. All types are packless (hermetically sealed), 
providing tight shut-off, with no external leakage to atmosphere. 


Two Way Valves... normally open or normally closed, easily 
handle fluids at pressures to 3000 psi, temperatures to -350° F. 
Valves are stainless steel with teflon discs; most sizes are avail- 
able with AN connections (Main Ilustration-Bulletin 8223X). 


Three and Four Way Valves . . . are suitable for piloting 
cylinder operated valves. Three way valves are also utilized 
for controlling single acting cylinders, and diaphragms; four 
way valves are used for controlling double acting cylinders. 
Unique poppet type seats and discs assure tight seating at 
pressures to 750 psi, temperatures to -65° F, Valve shown below 
(Bulletin 8344X) is suitable for 4 way applications, or may be 
used for 3 way installations by plugging one cylinder connection. 
Proposals are submitted upon receipt 
of specifications—or an ASCO Engineer 
can help you in solving your ground 
support valving problems. 
For additional information on ASCO 
Solenoid Valves for Missiles, write for 
Publication V5056. 


ASCO Valves 


Automatic Switch Co. 


AUTOMATIC TRANSFER SWITCHES « 


50-M HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 
SOLENOID VALVES « ELECTROMAGNETIC CONTROL 
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HPL 


SUPERIOR QUALITY 
industrial laminates 


/NORPLEX | 


|} laminates are produced in accordance with 
standard N.E.M.A. specifications and MIL-P specifica- 
tions. Many special grades including a variety of copper 
clad laminates for the manufacture of printed circuits 
are also available. 


Northern Plastics Corporation produces over 60 
standard grades to meet your requirements for flame re- 
tardancy, low power factor @ 60 cycles, arc resistance, 
cold punching, minimum odor, high insulation resistance 
and excellent mechanical properties. 


may we send you our brochure ? 


NORTHERN PLASTICS CORPORATION 
La Crosse 6, Wisconsin 


Offices in Principal Cities 
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LOW-VOLTAGE POWER SUPPLIES 
Designed for transistor-circuit applica- 
tions, a series of rack-mounted solid- 
state supplies is described in Bulletin 
PS1059. Series delivers variable and 
fixed outputs, ranging from 1.5 to 50 
volts d-c and 2 to 5 amp with high 
line and load regulation. Information 
on transient response, ripple, stability, 
regulation, output impedance, controls, 
weight and packaging provided. Valor 
Instruments, Inc., 13214 Crenshaw 
Blvd., Gardena, Calif. 
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TUBULAR HEATING ELEMENTS 
Four-page Publication 711 illustrates 
typical heating element shapes and 
gives sectional view of tubular ele- 
ment construction. Still-man Manufac- 
turing Corp., 431 E. 164 St. New 
York 56. 
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MERCURY THERMOSTATS 
Eighteen-page Bulletin 684 describes 
three standard thermostat groups: 
well-type for sensing case temperature, 
duct-type for gas or fluid temperature 
sensing, and surface-type for “area 
contact” temperature sensing. Mercury 
thermostat comes in package which 
meets MIL-E-5272A. Specifications are 
given. Vap-Air Div., Vapor Heating 
Corp.. 6420 W. Howard St.. Chicago 
18. 
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CONSTANT-TEMPERATURE- 
HUMIDITY CHAMBERS 


Environmental test equipment consist- 
ing of baths, ovens, and steam-humidity 
chambers is among the instruments de- 
scribed in Catalog 560. Catalog in- 
cludes 41 pages of illustrations, de- 
scriptions, applications, and tempera- 
ture conversion chart. American In- 
strument Co., Inc., 8030 Georgia Ave.., 
Silver Spring, Md. 

Circle 699 on postcard at end of book 


Manufacturers’ 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


ORIENTED ELECTRICAL STEELS 


\ 64-page manual devoted to oriented 
electrical steels contains information 
on what these special grades are, ad- 
vantages, and effects on transformer 
design. Other sections contain informa- 
tion on surface insulation and _ physi- 
cal, mechanical and magnetic proper- 
ties. Also covered are stress-relieving 
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PR MALLORY @€CO inc 


ALLOR 


. «+ from Mallory Capacitor Company, Indianapolis 6, Indiana 


‘MoTorcaP 


NEWS AND IDEAS ON MOTOR CAPACITORS 


a division of P. R. Mallory & Co. inc. 


Cut mounting costs 


If you mount motor capacitors with 
the PL or PLA Cap and HB Bracket, 
you may be able to save money by 
punching the chassis of your appli- 
ance to simulate the HB bracket. It’s 
very effective in off-motor mounting. 
Consult your Mallory capacitor spe- 
cialist—he’ll be glad to help you 
work out the details. 


Free customizing 


On production orders for 1000 or 
more Mallory motor capacitors, we’ll 
identify each unit with your com- 
pany name or logotype ... at no 
extra charge. And if this is an item 
you purchase regularly, we’ll custom- 
ize all orders—regardless of quantity. 


Problem solvers 


Don’t let 
problems deadlock your engineering 


design and application 
staff. Mallory capacitor engineers will 
be glad to help you find the solutions 
...and it may help you improve your 
product, lower your costs. Write, wire 
or phone today. 


APRIL 1960 


see MALLORY for 
prompt delivery of 
motor start capacitors 


When you need motor start electroly- 
tic capacitors in a hurry—whether 
it’s because of a production change, 
or because someone forgot to place 
the order—you can get the fastest 
delivery from Mallory. Our modern, 
streamlined assembly methods en- 
able us to perform near miracles on 
these emergency shipments. Large or 
small, your urgently needed order 
will get the same speedy attention. 
Normal delivery time is two weeks; 
emergency orders often can be filled 
in three days, and when a miracle is 
needed, we’ve even shipped in 
24 hours. 
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And you'll get the same whiz-bang 
performance from Mallory motor start 
capacitors whether yours is a normal- 
time delivery or a ‘‘needed-yester- 
day”’ order. Their reliability is always 
tops. Their performance-proved failure 
rate in warranty is less than 0.1% . 
the result of over 25 years’ develop- 
ment and manufacturing experience, 
coupled with quality control labora- 
tory testing and 100% production- 
line testing during rolling, as well as 
before and after encasing. 


Mallory motor start capacitors will 
exhibit long life and dependability, 
eliminate warranty period replace- 
ment costs. 





THE CALCULATOR 
THAT EXTRACTS 
SQUARE ROOT 
AUTOMATICALLY! 
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Meet Friden’s SRW —the Thinking Machine 
of American Business. It’s a complete desk 
calculator in every way. But it also extracts 
square root automatically at the touch of a 


single key. And it’s the only calculator that can! 
1. On the keyboard, enter the 
figure from which the root is If you now waste valuable productive time 


extracting square root by old-fashioned 
methods, put in an SRW and watch it pay 
for itself. Call your Friden Man or write to 


Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: 


2. Touch the square root ke Auto , i \* 4 . 
innate te oats 2 mation so hand-in-hand with practicality 


radicand’s decimal point. there can be no other word for it. 


© 1960 FRIDEN, Inc. 
a 


4 earn ° 
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¥ nee?! 
<7 ® 
3. Automatically, the square 


root will appear in the dials. FRIDEN, INC., SALES, INSTRUCTION, SERVICE 
Time required: just seconds. THROUGHOUT THE U.S. AND THE WORLD 
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anneal, core design, methods of test- 
ing, and use of curves. There are 41 
pages of curves. Copies available by 
letterhead request to Armco Steel 
Corp., 4159 Curtis St., Middletown, 
Ohio. 


FERROUS METALLURGY 

“Basic Guides to Ferrous Metallurgy,” 
made into a plastic laminated mounted 
plaque, measures 16 x 20 in. and 
shows the carbon-iron diagram and 
the working properties of steels in 
temperatures from —300 to +2900 F. 
Temperature zones, including preheat- 
ing for welding, annealing, normaliz- 
ing, stress relieving and carburizing, 
are represented. Temperature ranges 
are illustrated in black and in colors, 
suggesting the black heat range and 
the characteristic hot-body radiant 
hues. Copies are $5.00 postpaid from 
Tempil Corp., 132 W. 22 St., New 
York 11. 


THERMISTORS AND VARISTORS 


Data book describes thermistors and 
varistors, thermal conductivity cells, 
electronic controls and thermal, elec- 
tronic and _ physical-sensing devices. 
Book includes R vs T curves and E vs 
I curves, plus additional information 
on manufacturer’s silicon carbide var- 
istors (including curves). Thirty-nine 
page book has extensive bibliography 
and is available for $1.00 from Victory 
Engineering Corp., 517 Springfield Rd. 


Union, N. J. 
MINIATURE BEARING MANUAL 


4 140-page manual on miniature and 
instrument ball bearings contains 
specifications on 370 standard bearings 
from %o to 5% in. OD, as well as 
22 engineering bulletins discussing fac- 
tors in bearing life and operation such 
as radial play and runout. Load nomo- 
graph and instructions for use are in- 
cluded. Additional information covers 
testing, corrosion resistance, duplex- 
ing, lubrication, storage and materi- 
als. To obtain a copy, write on com- 
pany letterhead to New Hampshire 
Ball Bearings, Inc., Route 202, Peter- 
borough, N. H. 


RESISTIVE COMPONENTS 


Two booklets, “Trimmer Potentiome- 
ters” and “Resistors”, are available at 
50 cents each. “Trimmer Potentiome- 
ters,” 21 pages, discusses construction 
and desirable features of trimmer po- 
tentiometers for solving miniaturiza- 
tion and environmental problems in 
circuit design. “Resistors”, 31 pages, 
surveys the field of precision resistors; 
definition of resistor terms, construc- 
tion and utilization of precision resis- 
tors are some of the areas covered. 
Booklets may be ordered from Dale 
Products, Inc., 1325 N St., Lincoln 8, 
Nebraska. 
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NOW Comprehensive Data on 
AVAILABLE Magnet Wire Encapsulation 


A series of thermal aging tests were run by Essex Magnet Wire Lab- 


oratories to determine the compatibility of a number of magnet wires 


(Bh eener wuss 
, rm. sans CASE 
with encapsulating compounds. This data has been compiled into a Bowe oe p20 E 


CLASSA  nucemuer? 
° . . . . . 05°C » 
test report which can be used-as a guide in wire selection. Write for — ‘core 


8 TMERMAL EXE 
PAIN EWAMEL 


the complete test report or consult your Essex Magnet Wire salesman wre, 
about the Essex Continuing Magnet Wire Testing Programs. : 
The right insulation for every ap- 


plication with Essex Magnet Wire 


MAGNET WIRE DIVISION &SSEX WIRE CORPORATION, Fort Wayne, Indiana 


Manufacturing Plants: Anaheim, Calif.; Fort Wayne, Ind.; and Hillsdale, Michigan 
National Network of Warehouses and Sales Offices ... Call Your Local ‘‘Essex Man” 
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News 
Components 


and Materials 


{ staff compilation of the latest developments 
design-in use in electrically operated end products . 


. screened for 
. complete 


with all released specifications and available application data. 


RACK ADAPTOR 


Rack adaptor frame makes it possible 
circuitry into modular 
a single, rack- 


mounted assembly. Combinations of 2. 


to subdivide 
plug-in units within 


1, 8 in. or one 17-in. chassis plug into 
rack adaptor which in turn mounts in 
any standard relay rack. Construction 
is steel; finish is baked enamel. Avail- 
able in two heights and depths. Alden 
Products Co.. 117 No. Main St., Brock- 
ton, Mass. 
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HIGH-TEMPERATURE 
MERCURY RELAYS 


Family of 115-volt a-c mercury relays 
is rated at 30 amp. Relays have three- 
enable 
Relays 
give various time delays without using 
thermal-delay Three 
groups of relays available: for ordi- 


way wiring connections, to 


multiple mounting positions. 


mechanisms. 


nary temperature requirements; for 


temperatures to 500 F; and for opera- 


tion at 1200 F. Sorrels-Johnson Corp.., 
363 Rantoul St.. Beverly, Mass. 
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BOBBIN FOR 


PRINTED CIRCUITS 


Nylon printed-circuit transformer or 
relay bobbin illustrated is a standard 
unit with lugs embedded in nylon. 
Special bobbins can be made to specifi- 


cations. Present stock sizes are 346 x 
34g in., 144 x 4, 34 x %, % x WY, and 
5 x 5 in. American Molded Products 
Co., Engineering Dept., 2727 W. Chi- 
cago Ave.. Chicago 22, Ill. 
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SILICON CONTROLLED 
RECTIFIERS 


Five p-n-p-n diffused silicon Series TI- 
110 rectifiers are rated at 1 amp at 
65 C from 50 to 400 piv. Controlled 
rectifiers in JEDEC TO-5 case perform 
functions such as servo motor control, 
other low-power control, and function 
as protective devices in power output 
circuits. Average rectified forward cur- 
rents are 300 ma at 125 C case tem- 
perature. Forward breakover voltages 
from 50 to 400 volts min. Gate current 
required to turn on device, 20 ma 
max with holding current of 25 ma 


CURRENT RATING CURVE 
a tt neh 


AM TEMPRRA TURE 


max; leakage current at piv, 1 ma. 
TI-110 illustrated. Semiconductor Com- 
ponents Div., Texas Instruments, Inc., 
P. O. Box 312, Dallas, Texas. 
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SWITCH AND 
GROUNDED OUTLET 


Pushbutton switch features grounded 
outlet and snap-in mounting. Unit 
available in black phenolic resin. Other 
order. Switch is 


colors on special 


maintained-action push on/push off 
and rated 3 amp; outlet rated at 15 
amp, 115 volts a-c. Molex Products Co., 
9515 Southview Ave., Brookfield, II. 
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RETAINER FOR 

MINIATURE RELAYS 

Retainer which 
screws through one of the two sockets 


consists of a_ post 


sy 
ih 


afef «faf ~6-4 mmm 


" 
A 


Ura, 
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P Jic 
ea LIQUID TIGHT 


TINS, a JUNCTION BOX 


fe 


JIC blank box for 
special installations. 
May be drilled for 
custom installation of 
Uni-Seal hubs or 

STN connectors. 


Patent Pending 


Wi Safety engineered to JIC specifications, this new heavy gauge 
steel junction box gives positive protection from liquids, fumes, 
shavings, dirt and other foreign matter. Box body is of one-piece 
welded construction without holes. May be custom drilled. Special 
gasket seal for cover. Exceptional wiring room... outside dimen- 
sions: 44%” long, 25%” wide, 244” high. No sharp edges. Extra 
rigidity. Exclusive full width bridge for additional screw support- 
Next time you need a liquid-tight junction box .. . specify 
APPLETON JIC! 


Ep Sold Through Franchised Distributors Only 
2 
©. 
2 APPLETON ELECTRIC COMPANY 
0 


1701 Wellington Avenue ¢ Chicago 13, Illinois 


Also Manufacturers Of: 
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The Finest Quality cs 
the Least Expensive 


NEW RUBICON 
LABORATORY 
POTENTIOMETER 


for high precision 
measurements 
from 0-1.6 volts 


MODEL 2781 


A general purpose laboratory in- 
strument combining high accu- 
racy with ease of operation. It uses 
a three-dial measuring circuit.Set- 
tings for dial one and two are 
displayed digitally. A third dial, 
directly connected to a slidewire, 
is graduated in easily read incre- 
ments. 


@ Galvanometer and emf revers- 
ing keys facilitate measurements. 
@ Stable 1 volt reference emf 
through separate pair of binding 
posts 

e New contemporary design can 
be supplied for either table top 
use or relay rack mounting. 

e Gold plated copper binding 
posts. 

@ Limit of error: 


0 to 1.6 volt range—30 micro- 
volts or 0.17 of reading, which- 
ever is greater 

0 to .16 volt range—3 microvolts 
or 0.015% of reading, which- 
ever is greater 

0 to .016 volt range—1 microvolt 
or 0.015% of reading, which- 
ever is greater 


Depend on this precision instru- 
ment for the exceptional accuracy 
and long service for which all 
Rubicon products are famous. 
For complete details, contact your 
nearby Honeywell Branch Office, 
or write to MINNEAPOLIS-HONEyY- 
WELL, Rubicon Instruments, 
Philadelphia 32, Pa. 


= : th 
PI ERING THE FUTURE 


YEA HF 


Honeywell 
[A] Fiut i Coutol 


Since tee6 
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mounting holes in the standard micro- 
miniature relay socket. Spring-loaded 
cap rides on post and retains relay in 
socket. Cap swings up and out of the 
way for service. Currently five sizes 
are being produced with post heights 
from 154 to 254 in. above socket. 
Material is steel with cadmium-plate 
finish. Birtcher Corp., Industrial Div., 
1371 Valley Blvd., Los Angeles 32, 
Calif. 
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ALUMINUM 
INSTRUMENT KNOBS 


Knobs are engraved as shown or to 
customer’s requirements. There are over 
six basic sizes with over 50 variations. 


eyyvsys 


Anodized in either black or clear, or 
other colors on request. Available for 
1%. or 4-in. shaft, supplied with two 
setscrews. Vemaline Products Co., Box 
222, Hawthorne, N. J 
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FLUOROCARBON 
BONDING SOLUTION 


Prepared etching solution, for making 
fluorocarbon polymers bondable to 
other materials, forms a carbonaceous 
film which is compatible with most 
adhesives. One pint of solution etches 
50 to 60 sq ft of polymer surface. 
Etched surface is darker but surface 
properties of fluorocarbon remain vir- 
tually unchanged. Acton Laboratories, 
1180 Raymond Blvd., Newark 2, N. J. 
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TRANSISTOR PAD 


Mounting base for standard transistors 
has spherical feet that act as standoffs 
and provide necessary lead length and 
air-space for thermal insulation when 
hand or dip soldering. Five holes will 
accept most combinations of lead 
wires. Material is mineral-filled diallyl 
phthalate, which conforms to MIL-P- 


14D (MDG type) and MIL-P-4389. 
Nominal tensile strength is 5500 psi. 
Pads resist continuous exposure to 
450 F. Weight is 0.18 gm. Delbert 
Blinn Co., Box 757, Pomona, Calif. 
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SELF-LUBRICATING 
INORGANIC BEARING 


Sinitex bearing of bronze, molysulfide 
and TFE fluorocarbon combines self- 
lubricating qualities with a low co- 
efficient of friction, and lends itself to 
cryogenic use. Operational temperature 
range, from —300 to -++-500 F. Bearing 
material available in 6-in. long bar 
stock in dimensions of 0.300, 1%, 34, 
1 in. OD. Additional sizes can be made 
to specifications. Booker-Cooper, Inc., 
6940 Farmdale Ave., North Hollywood, 
Calif. 
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MULTI-TURN 
POTENTIOMETERS 


Moisture-resistant miniature precision 
potentiometers feature O-ring shaft 
seals. Units illustrated have 34-, 1- and 
14-in. diam (left to right) and are de- 
signated Models 7500, 1000, and 5000, 


respectively. Resistance ranges from 
50 ohms to 350 k ohms and linearity 
tolerances range down to +0.075 per 
cent. Housings are nickel-plated brass 
and terminal headers molded dially] 
phthalate. Circuit Instruments Div., 
International Resistance Co., Box 
11628, St. Petersburg, Fla. 
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HIGH-FREQUENCY 
TRANSISTORS 


Family of ten industrial “drift field” 
transistors is specifically designed for 
application in high-frequency instru- 
mentation, control, navigation, and mo- 
bile equipment. Germanium p-n-p units 
are designated: 2N274, 2N384, 2N1023, 
2N1066, 2N1224, 2N1225, 2N1226, 2N- 
1395, 2N1396, and 2N1397. Transistors 
operate to 50 mc and above in r-f 
amplifier service and 125 mc and above 
in oscillator service. Features are: 
junction temperature rating, 100 C 
max; dissipation rating, 120 mw max 
in free air at 25 C, to 240 mw with 
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...and the quality starts in the foreground! 


BACKGROUND 
OF QUALITY 


kor when it comes to Roebling Magnet 
Wire, quality means—unsurpassed ingredi- 
ents of consistent excellence...wire-making 
skill based on dee ades ol experience , ° .and 
exacting testing and inspection. 

You pay no more for Roebling Magnet 
W ire 
performance. And you choose the packaging 
that will give 


you get more in terms of satisfying 


you utmost efficiency and 


economy. Write today to Electrical 
é ity MY ire Division, John \. Roebling’s 
%, man S Sons Corporation, lrenton 2, 
atl New Jersey. for information about 
types and sizes of Roebling Magnet Wire 
exact tly suited to your applications. 


ROE BLING é2 


Branch Offices in Principal Cities 


Subsidiary of The Colorado Fuel and Iron Corporetion 





COMPACT, 3-OUNCE TIME DELAY RELAY 


with silicone-controlled 
delay from 1/4 to 120 seconds 


Worth a closer look... 


the Heinemann Type A Silic-O- 


Netic Relay. Despite its small overall size, the relay offers 
many big performance features. 


For example, double-pole, double-throw switching . . . at 


fast snap-action contact speed. 


The relay is a load carrier in itself: it may be energized 
continuously . . . does not require auxiliary lock-in circuits. 


And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 
has proven itself in countless applications; it will give you 
reliable service over a long, long operational life. 


For full details, refer to Bul- 
letin T-5002. A copy will be 
sent on request. 


HEINEMANN 


ELECTRIC COMPANY 
99 Plum St., Trenton 2, N. J. 


BRIEF SPECS 


Time Delays: from 1/4 to 120 
seconds 

Overall Dimensions: 2-1/16" 
Me ipl ae Fs i 


Contact Capacity: 3 amps at 
120V AC, 1.5 amps at 240V AC 
(non-inductive load), 1 amp at 
50V DC, 0.5 amp at 125V DC. 


* 
ou ott) 


6.A. 1678 
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heat sink:  collector-to-base voltage 
rating. 40 volts max except for 
2N1226 which has 60-volt rating. 
Semiconductor and Materials  Div., 
Radio Corp. of America, Somerville, 
Ni... 
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MECHANICAL COUNTER 


Mode! 3523 drum counter is a small 
four-digit, reversible unit. Diameter of 
drums is 0.460 in. with 1%-in.-high 


numbers. Geneva-movement _ pinions 
and gears molded of impact-resistant 
thermoplastic. Counter intended for 
applications where low uniform torque 
at high speeds is not required. Haydon 
Instrument Co., 165 W. Liberty St., 
Waterbury 20. Conn. 
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SILICON DIODES 


Varactor diodes, designated MA-450A 
through MA-450E, feature reversible 
polarity by means of a base adaptor 
supplied with each diode. Cartridge 
shunt capacitance, measured at 100 
ke, 0.4 picofarad approx; series lead 
inductance, less than 10°  henries; 
power dissipation, between 300 mw for 
lowest cutoff types to 150 mw _ for 
highest cutoff types. Diodes conform 
to MIL-E-1 dimensions for cartridge 
style such as 1N23 types. Varactors in- 
tended for use as amplifying element 
in low-noise parametric amplifiers; 
balanced, single-sideband modulators; 
harmonic generators; r-{ limiters, ete. 
Microwave Associates Inc., Northwest 
Industrial Park, Burlington, Mass. 
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PRINTED-CIRCUIT LAMINATE 


Material designated Kop-R-Klad uses 
bonding method which does not em- 
ploy third material as an adhesive, 
nor does it require copper to be oxid- 
ized. Clad laminate is offered in twelve 
types, among them copper bonded to 


Teflon, Teflon-glass, Kel-F, or FEP 
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A NEW CLASS B INSULATION 
HAS RESILIENT WEAVE AND 

HIGH DIELECTRIC STRENGTH 
UNDER STRETCH 


Natvar Teraglas is a new flexible insulating material com- 
prising a base fabric, woven from polyester (polyethylene 
terephthalate, or “Dacron’’) warp yarns and continuous 
filament glass filler yarns, coated with an improved varnish, 
possessing exceptional dielectric strength under elongation. 
It will withstand Class B (130°C) operating temperatures. 


In view of the higher dielectric strength of Natvar 
Teraglas compared to bias varnished cambric, thinner 
sections or fewer layers may be used to provide the volt- 
age breakdown protection desired. Consequently, at com- 
parable tape prices, a significant saving may be realized 
in production costs, while permitting up-grading to Class 
B (130°C) temperatures. 


Natvar Teraglas is available in two thicknesses, .010” and 
.012”~in tapes, in full width rolls (36”), or in sheets. Ask 
for Data Sheet and Samples. 


TYPICAL DATA 
Physical Properties: 010” = ora g Electrical Properties: 010” .012” 


A imat ight Electric Breakdown Strength 
a 0.54 62 (C48-23-50 V/M) 1600 1600 


i Electric Breakdown Strength 
9 ya pon = 105 | (Under 6% stretch) 1600 1600 


lectri ki trength 
Tear Strength, grams Warp Over 1000 Over 1000 phat ok rer y _— 1450 1450 


Elongation, % (Under 25 fier Cree S008 Cray eee Power Factor, %, at 80° 


Ibs./in. width—3 minutes) 7.5 7.5 C-50 V/M-60 c.p.s. 25 25 


Natvar Products 
LOAD-ELONGATION CHARACTERISTICS FOR NATVAR BLACK TERAGLAS Varnished cambric—sheet and tape 


Varnished canvas and duck—sheet 


0. 010” Biack Teragias and tape 
a en rere Oe eee eee Varnished silk and special rayon— 


sheet and tape 


eal 
"7 Varnished papers—rope and kraft— 
sheet and tape 
Varnished, silicone varnished and 
s 


wi 


z 
125 
A. 010” Black Teragias Tape = 


S 
Ss 


i 


~ 
o 


silicone rubber coated Fiberglas*— 


ELONGATION PERCENT 


sheet and tape 
ol Slot cell combinations, Aboglas® 


=e 
Teraglas** 
Isoglas® sheet and tape 
a Isolastane® sheet, tape, tubing and 
0 5 10 15 20 


sleeving 
Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 


Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 
* Cc © Rg 2 Oo x AT 4 Oo Extruded identification markers 
*TM (Reg. U.S. Pat. Off.) OCF Corp. 
**Trademark applied for. 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATI We will be very happy to supply information 
TELEPHONE CABLE ADDRESS on any of our products on request. 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE © WOODBRIDGE, NEW J 


20 30 40 
Load—Pounds Per inch Width (At One inch Per Minute Elongation Rate) 


*Trademark applied for. 


PERCENT OF UNSTRESSED DIELECTRIC BREAKD! 


Percent Elongation 
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HANSE 


SYNOHRON 
timing motors 


PROVED. 
rT. | approved SY i" years of ETT 


UL AND CSA APPROVED 


PROBLEM: 


Jamming of gears at low temperature IN-PLANT TESTING 


operati Shown is a test rack, where 
peration some of the more than 50 tests 
are given to every Hansen SYN- 


AREA OF APPLICATION: CHIEON’ motor before shipmen 


° " * to Customers. 
Oil field telemetering instruments 


The Foxboro Company, a leading manufacturer of telemetering in- 
struments, experienced continuous difficulties with synchronous mo- 
tors operating metering and transmission equipment. Many such 
installations were in the field where extreme climatic conditions 
made reliability of the timing motors a prime requisite. 


TESTING: 


Over a 6-year period various timing motors, in- 
cluding Hansen SYNCHRON motors, were sub- 
jected to constant testing for dependability of 
operation. Tests included: continuous operation 

as long as one and one-half years; gear 
noise check . . . initially, and after extended run- 
ning; synchronous torque tests . . . motors had 
to deliver 0.9 in.-oz. of torque at 30 rpm; a 
1500-volt shock to check breakdown rating be- 
tween leads and cases to meet UL and CSA 
approval; starting ability . . . motors were packed 
in dry ice (—40°F) for one hour, then had to 
start within five minutes; three hours continuous 
running in dry ice . . . again at 40°F; five 
hours uninterrupted operation in an oven at 
140°F 


RESULT: 

Only Hansen SYNCHRON 
timing motors met all the 
exacting requirements! 
Hansen SYNCHRON timing 
motors were incorporated in 
all telemetering instruments 
produced, and singled out to 
replace motors on all applica- 
ble equipment now in use in 
the field. Foxboro is also re- 
viewing over-all operations — 
to use Hansen SYNCHRON 
motors where possible on 
other instruments and con- 
trols. 


motor . . . investigate Hansen SYNCHRON mo- 
tors. Over 200 different types of output available. 
Hansen engineers will work with you to find a 


satisfactory solution to special application or de- com y 7 & a a 


sign problems. For further information or as- MANUFACTURING 


sistance, contact the nearest Hansen representative 


or write direct to: en eF PANY, INC. 
PRINCETON, INDIANA 


If you must have performance in a synchronous 
a 


HANSEN REPRESENTATIVES: The Fromm Co., 5150 W. Madison St., Chicago, Ill.; Winslow 
Electric Co., New York, N.Y., Chester, Conn., Philadelphia, Pa., Cleveland, Ohio; Electric Motor 
Engineering, Inc., Los Angeles (WEbster 3-7591) and Oakland, Calif.; H. C. Johnson Agencies, Inc., 
Rochester, Buffalo, Syracuse, Binghamton, and Schenectady, N.Y. 
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fluorocarbon. Depending upon type, 
volume resistivity varies from 101* to 
1.2 < 10!8 ohm-cm; surface resistivity, 
10'2 to 1016 ohms; electric strength, 
500 to 1500 vpm; dielectric constant 
at 10 ke, 2.08 to 3.3; dissipation 
factor, 0.0002 to 0.012 for 0.020-in. 
thick laminate. Offered in various 
thicknesses, sizes, and clad on one or 
both sides. W. S. Shamban & Co., 
11617 W. Jefferson Blvd., Culver City, 
Calif. 
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ROTARY SWITCH 


Lightweight rotary switch makes up to 
100,000 contacts per minute, with no 
contact bounce. Contact resistance, ob- 
tained by 2-lb contact pressure of coin 


silver against rhodium-flashed circuit 
ring and contacts, is less than 0.0003 
ohm. Intended for high-speed opera- 
tion: 200 rpm for a 50-contact module. 
Torque, 1.3 in.-oz max per modular 
wafer. Circuit arrangements offered, 1 
to 101 contacts per modular wafer. 
Operating voltages range from 208 
volts to 1.0 volt. Fifty-contact switch 
weighs 614 oz with 2.625 in. max diam. 
Unit withstands 60 g shock and 50 g 
vibration, 0 to 2000 cps. Units are used 
with motor and/or gearhead motor 
drives, or with rotary solenoid drives. 
Genge Industries, Inc., Products Div., 
1500 E. Colorado St., Glendale 5, 
Calif. 

Circle 494 on postcard at end of book 


PANEL METERS 


Military-style panel meters with 31-in. 
diam are built in accordance with MIL- 
M-10304A. Line features voltmeters, 
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ANACONDA’ COPPER METALS 


FOR THE ELECTRICAL INDUSTRY 


THE AMERICAN BRASS COMPANY + WATERBURY 20, CONN. 


CROSS-SECTION of stator bar showing arrangement of 40 rectangu- LIQUID COOLANT enters the tubular conductors through a strand 
lar copper tube conductors which carry current and coolant— header at end of stator bars. Above: Header cut open to show 
transil oil in present designs, water in units being planned. construction, Below: Headers being installed on stator bars. 


DO YOU KNOW THESE 
ELECTRICAL COPPERS? 


ANACONDA LEADED COPPER-126 (Cu 
99.00%, Pb 1.00%). Combines high 
conductivity, averaging 99% I.A.C.S., 
annealed, with excellent machinability, 
80 on a scale in which Free-Cutting 
Brass is 100. Available in strip, rod, and 
bar form. 


ANACONDA TELLURIUM COPPER-127 (Cu 
99.49%, Te 0.50%, P 0.01%) offers 


Liquid-cooled tubular copper conductors 
for stators can double generator ratings 


In designing turbine-generator units for 
the ever larger blocks of power needed 
by the electric utility industry, General 
Electric scored a major advance by 


high conductivity averaging 95% 
I.A.C.S., annealed, and machinability 
rating of 80. Available in rod, bar, ex- 
truded shapes, and die-pressed forg- 
ings. Particularly whee where hot 
forging or hot working is combined 
with machining. 

WRITE FOR Publication C-25, “Anaconda 
Copper for Electrical Conductors.” 


Anaconda Welding Wire now available on 25-Ib. 
spools for inert-gas consumable-electrode welding 


APRIL 1960 


For welding copper bus conductors and other fabri- 
cation by inert-gas consumable-electrode processes, 

Anaconda C Jopper-372 Welding Wire is now avail- 
able in 25-lb. expendable spools. C Carefully cleaned 
and layer-wound (left), it is shipped in a special 
carton. Sizes regularly available on spools: .035’, 
045”, Ye", 342” and 4”. Other Anaconda copper-alloy 
welding alloys, such as Everdur®-1010 and 
Ambraloy -928, also are supplied on spools. For 
detailed information on Anaconda Welding Rods, 
write for Publication B-13. 
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liquid-cooling the conductors in genera- 
tor stator bars. The problem has been to 
increase generator ratings without in- 
creasing their physical size beyond the 
limitations of transportation. 


Occupying no more space than con- 
ventionally cooled 156,250-kva units of a 
few years ago, the first conductor-cooled 
G-E generator has a rating of 260,000 
kva. And this new design is a significant 
step toward doubling generator ratings 
without an appreciable increase in 
frame size. It points the way to much 
larger machines — possibly as high as 
750,000 kva. 


The French Small Tube Division of 
The American Brass Company has re- 
cently supplied rectangular copper tube 
conductors for another g generator of this 
design, which will have a rating of 
221,000 kva. The tube was shipped in 
long coils. 

For technical assistance in the design 
of hollow conductors, write The Ameri- 
can Brass Company, Waterbury 20, 
Connecticut. 5970 


265 





ammeters, microammeters, and milliam- 
| meters. There are 61 standard models 
available. Beckman Instruments, Inc., 
Helipot Div., 2500 Fullerton Rd., Ful- 


FAST ECONOMICAL | lerton, Calif. 
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SERVICE ON 
| MECHANICALLY HELD 
| CONTACTORS 
| CRA-MH contactors are supplied in 
NEMA Sizes 0 through 5, with 2, 3 


or 4 poles and are electrically operated 
_ products switches that are closed by momentary 
© e 
chit 
100 Consult — 


Our modern plant and facilities for e 
turning, grinding, milling, drilling, 
on 


threading, heat-treating and electro- 
plating are available for small or 
large volume. Simple or intricate, prototypes 
flanged or tapered designs from .020” a ‘ 
t0 1.00" diameters. Send drawings and sample ‘nergization of coil and held closed by 
and specifications for quotations. quantities mechanical latch. Used in circuits 
7 where continuity of an operating se- 
‘uence must be maintained despite vol- 


INSTRUMENT SPECIALTIES tage failures or other outside interrup- 
ns CO - INC mr.) tions. Contactors equipped with second 

CATALOG Ww coil; when coil is momentarily ener- 

SWEET'S . . : 2 , : 

254 Bergen Boulevard -_ gized by suitable pilot device, mechani- 

Little Falis, New Jersey ee e 5 valies , Ef dactend il 

Telephone: CLifford 6-3500 cal latch is released, desired, col 

clearing contacts can be furnished to 


take both coils out of control circuit 

ee . . 
woe | immediately. Arrow-Hart & Hegeman 
Circle 268 on Inquiry Card Electric Co., Industrial Control Div., 


ose 3 oe 103 Hawthorn St.. Hartford 6, Conn. 
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hand. | EPOXY-MOLDED 
BOBBINS CONTROL TRANSFORMERS 


YOUR ASSURANCE oF— 


Dimensional Stability 
VY Lower Winding Costs 
Close Tolerances 
Rigid Flanges 





Miniature power transformers for con- 
trol applications are available on spe- 
cial order in ranges up to 25 va and 


You save on bobbin costs. You save on 
tooling costs. You save on winding costs 

by eliminating costly secondary opera- 

tions. You save by incorporating econom- 

ical terminal designs intothe molded part. 

You save by eliminating winding rejects. 
@eeeneeeeeeeeeeneeeeeeeeee 
The outstanding properties of nylon plus econom- 
ical molding procedures provide a quality Cosmo 
bobbin that has dimensional stability, strength 
ir. thin sections, secure flanges, high resistance to 


impact and/or vibration, good dielectric strength, : shi 
and resistance to action of most common chemicals. fre — from 50 through ote 


DATA BROCHURE , . Ro : . 
. . -ycles. Strap, insert or stud mounting 
ON REQUEST It will pa t t ol es : 
wilt pay you to inves igate COSMO NYLON BOBBINS available. Units can be supplied to 


SALES DIVISION OFFIC ~~ cin meet MIL-T-27 grades 2 and 5. Ter- 
scene, Oratory Coeratn, Comeaies, Wat, Remedios, Hidde minals are nickle-plated brass, Micro 
2 Pk SaaS 7 tran Co., Inc., 145 E. Mineola Ave., 


CFOs vy ‘ CS COMP. * Rn : & Valley Stream, N. Y. 
Circle 497 on postcard at end of book 
(Continued on page 270) 
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APPLICATION PROBLERA = “i » 


rae 


ee From the case of the A. O. Smith Motor Man 


..a line of 800 to 1 hp favorites, built to make 
tough application problems seem easy 


When it comes to building integral-motor-powered equipment, 
make sure of your horsepower source! Before you specify any motor 
brand, consult with your A. O. Smith Motor Man. He'll show you 
how the horses of A. O. Smith (single-phase integrals — 1-5 hp — 
polyphase — 1-800 hp) help users surmount application barriers. 


And A. O. Smith delivers the horses that deliver the goods! 
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50, A. O. SMI CORP. 


Through research S . @ better way 


BOS Os Se 


ELECTRIC MOTORS 
Tipp City, Ohio 


A. 0. SMITH INTERNATIONAL S. A. 
Milwaukee 1, Wisconsin, U. S. A. 
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This study of the drop in voltage load on an Allis- 
Chalmers alternating current generator was directly 
recorded by a Model 906 Honeywell Visicorder. 


In this transient reactance test, made by design 
engineers at the Allis-Chalmers Norwood Works, 
the generator was operated at full voltage, and then 
a dead short was applied to the terminals. When 
such a sudden load is thrown upon a generator, the 
voltage drops because of the inherent character- 
istics of the generator. This voltage ‘‘nosedive”’ is 
so rapid that a voltage regulator cannot immediately 
correct the voltage and bring it up to normal. Be- 
cause of this time delay while the regulator is 
catching up, motor contacts and other devices on 
the line may drop out, lights may blink objection- 
ably, and electronic devices may function erratic- 
ally. For these reasons, these studies of time as 
related to generator characteristics are very im- 
portant to better generator design. The Visicorder’s 
ease of operation, calibration, and immediate read- N. O. Risch and F. R. Manning, design engineers at Allis-Chalmers Nor- 
out made it ideal for these studies. wood Works, study a Visicorder chart of voltage-drop tests on a generator. 


generator voltage load-drop 


The Honeywell Visicorder is the pioneer, com- No matter what field you are in... research, development, com- 
pletely proven, and unquestioned leader in the field puting, rocketry, product design, control, nucleonics . . . the 
of high-frequency, high-sensitivity, direct-recording high-frequency (DC to 5000 cps) Visicorder Oscillograph 
ultra-violet oscillography. Here are some of the will save you time and money in data acquisition. 
reasons why Visicorders provide the most accurate 
analog recordings available: constant flat response 
and sensitivity of galvanometers; grid-lines simul- 
taneously recorded with traces to guarantee exact Reference Data: write for Bulletins 1108, 1012, and HC906B. 
reference regardless of possible paper shift or ‘ , 
ee gerdle . pap Minneapolis-Honeywell Regulator Co. 
shrinkage; flash-tube timing system for greater : . : es 
eo : : es . Sat ° Industrial Products Group, Heiland Division 
accuracy of time lines; superior optics for maximum 
linearity of traces 5200 E. Evans Avenue, Denver 22, Colorado 


Call your nearest Minneapolis-Honeywell Industrial Sales Office 
for a demonstration. 


Recent Models of the 906 Visicorder incor- The NEW Model 1108 Visicorder, with The Model 1012 Visicorder is the most versa- 
porate time lines and grid lines and record many automatic features and the convenience tile and convenient oscillograph ever devised 
up to 14 simultaneous channels of of pushbutton controls, is ideal for inter- for recording as many as 36 channels of data. 
data. mediate uses requiring up to 24 channels of 

data. 


Honeywell 


BEERING THE FUTURE 
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PRESIDENT 


He’s the designer 
who first put Luster-On" 
on the job! 


Luster-On is The Chemical Corporation’s 
low-cost protective finish for aluminum, 
brass, cadmium, copper or zinc. It is 
supplied in a complete line of uniform- 
controlled chromate conversion coatings 
that provide maximum protection in a 
single, simple, economical operation. 
Available as a liquid or powder for im- 
mediate delivery. 


Specify Luster-On, Best — 


FOR BRILLIANT CORROSION-RESISTANT 
FINISHES . . . rivals even chrome in many 
instances where cost is a factor. Long- 
lasting, easily controlled application. 
FOR CLEAR, BRIGHT AND IRIDESCENT 
COATINGS... imparts striking, attractive 
appearance with complete corrosion pro- 
tection, even when humidity and han- 
dling are encountered during processing. 
Also available are yellow iridescent and 
olive drab for concealed parts or as a 
paint bond. 


FOR DECORATIVE COLOR... on low-cost 
zinc. Brilliant golds, yellows, blues, reds 
greens, violets, brass and copper hues. 


FOR ALUMINUM .. . replaces expensive 
anodizing where surface hardness is not 
of prime importance. An excellent finish 
for paint bonding. 


FOR LASTING BRIGHTNESS . . . on both 
copper and brass without noxious fuming. 
FOR DIE-CASTINGS . .. onc quick dip pro- 
vides uniform finish; superb as a base for 
painting. 


See for yourself what Luster-On can do for you! 
Send us a sample part — now — for free process- 
ing. Data sheets on request. 


Luster-On — first and still the 
finest in conversion coatings. 


The 


emical 


Corporation 


63 Waltham Avenue « Springfield 9, Mass. 
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MOTOR OVERLOAD 
PROTECTOR 


Automatic-reset circuit breaker or over- 
load relay incorporates bimetallic ele- 
coil, and infinite contact 


ment, heater 


Device 
and excessive current. 
into 
surface. 


adjustment. 
temperature 
be built 
motor 


responds to rising 
Can 
attached to 
from 0.1 
volts a-c. 
6284 


motor or 
Ratings are 
to 15 amp and up to 230 
E-T-A Products Co. of America. 
No. Cicero Ave.. Chicago 46. TI 
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LOW-SHRINKAGE 
TEFLON TAPE 


TFE fluorocarbon tape is a skived tape 
specified to show no more than 2 per 
any dimension when 
730 F for 15 
thicknesses from | 
widths from 14 to 12 in. 


ent change in 
heated free at 
Available in 
and up: 


minutes. 
mil 
For 
3000 psi: 
cent: electri: 


l-mil tape: tensile strength, 
elongation, 250 per 
strength, 3800 
Bristol, R. I. 


Circle 499 on postcard at end of book 


vpm. Dixon Corp.. 


SOLENOID VALVE 
Basic 1 
plug-in, 
valves 


and double-solenoid 
control 
solenoid 
bodies 


5-in. single- 


pilot-operated, 4-way 
incorporate one-piece 
and 
Power connections need 
main- 
Circuits on deuble-solenoid 
meet JIC Flow 
area through valve and sub-base equals 
that of 1%4-in. pipe. Valves offered for 
35-200 psi air service with solenoid 
coils for a-c or d-c, any voltage or 


pilot housings aluminum 
and sub-bases. 
not be disturbed for in-service 
tenance. 


models requirements. 





| 





GUDELACE 
is engineered 
for 

problem- free 


It’s no accident that Gudelace is the 
best lacing tape you can buy. Excellence 
is engineered into Gudelace. A sturdy 
nylon mesh is meticulously combined 
with the optimum amount of special 
microcrystalline wax. Careful selection 
of raw materials and superior methods 
of combining them give Gudelace out- 
standing strength, toughness, and sta- 
bility. Gudelace is the original flat lacing 
tape which distributes stress evenly over 
a wide area. It is engineered to stay flat; 
it will not stretch out of shape when 
pulled. Gudelace’s nonskid surface pre- 
vents slipping, eliminating the too-tight 
pull that causes strangulation and cold 
flow. Durability and dependability make 
Gudelace your most economic buy— 
with no cut insulation, fingers, or feelings. 

Write for Data Book with specifica- 
tions on Gudelace and Gudebrod’s com- 
plete line of braided lacing tapes and 
dial cords—Temp-Lace, Stur-D-Lace, 
and Gude-Glass. 


GUDEBROD 


BROS. SILK CO., INC. 


Electronic Division 


225 West 34th Street, New York 1, N.Y. 


Executive Offices 
12 South 12th Street, Philadelphia 7, Pa. 
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IF A MINIATURE or PES SAE] SNM mM te 


To meet the exacting ‘cactemendl of your eppicabatt 
Hampshire maintains a full line of miniature and ins’ e' 
bearings for research and development, prototypes and re- 
placements at all regional offices. (Production quantities 


shipped direct from our main plant.) NHBB sales engin 


RETAINER BEARINGS 


‘ This is one of the most frequently specified 
etainer Bearing . . ° 
“ types for instrument applications. Available 
with newly designed crown retainers. This 
design permits even ball spacing, low torque, 
Retainer Beoring and most consistent performance. Over 150 
standard types and sizes are listed in our 
Design Manual. 
Retainer Bearing 
Shielded SIZES 
(Available in a wide selection of 
combinations within the following ranges) 


Retainer Bearing 


Flanged & Shielded BORE 0.D. WIDTH 
| Min, | 0469 1562 0625 
| Max. | 3125 6250 1960 


> G03 ie) te la a al) Ch 
available on all above types 





FULL BEARINGS 

Specified for applications requiring maxi- 
mum radial load capacity. Not suited to low 
torque requirements. Over 2] standard types 


Full bearing and sizes. 


(Available plai 
=" BORE 0.0. a 
.0312 


[wer [ 3128 [S000 


UP and WAFER BEARINGS 
Expressly designed for use in synchros, servos, 
small motors, potentiometers, and gear trains. 
Widths are significantly narrower than standard 
to allow more room for rotors and stators. 
Available in 16 types and sizes. 


oan SIZES: BORE 0.D. WIDTH 
da 
S28, [i —[— 50 —[— 
with standard | Max. | .1875 4375 | .1094 | 


equivalent 
NEW 
HAMPSHIRE 


APRIL 1960 


BALL BEARINGS, 


PETERBOROUGH, N.H. 


QUALITY PERFORMANCE ... 


is in direct relation to quality of production. All 
New Hampshire bearings are made to ABEC-7 
tolerances or better. The result is improved run- 
ning qualities for all users . . . at no extra cost! 
In addition, rigid quality control during manu- 
facture and continuing research enables New 
Hampshire to maintain leadership in our field . . . 
to supply you with the finest bearings for your 
needs at the lowest cost. 


IMMEDIATE DELIVERIES FROM STOCK ... 


(For research & development, prototypes, and re- 
placements) are made from our three regional offices 
as well as the main plant. Bearing specialists are on 
hand to help you plan and specify. Call your nearest 
office collect for fast service. 


NEW HAMPSHIRE BALL BEARINGS, INC. 


51 Cutter Mill Road 566 Northwest Highway 
GREAT NECK, NEW YORK DES PLAINES, ILLINOIS 
HUnter 2-8633 TWX: 1421U VAnderbilt 7-6646 TWX: 1642U 


1540 North Highland Avenue 
HOLLYWOOD 28, CALIFORNIA 
HOllywood 4-0208 TWX: LA 933U 


(main plant) 
PETERBOROUGH, NEW HAMPSHIRE 
WAlinut 4-3311 TWX: 209U 


NEW 
DESIGN MANUAL 


Newly revised and expanded, this 
authoritative publication is a guide 
to designing around, specifying 
and purchasing of miniature and 
instrument ball bearings. Compre- 
hensive general information, cata- 
log data, and engineering bulletins 
are included in the 100-plus pages. 
A personally registered copy is 
available to qualified engineers, 
draftsmen, and purchasing 
departments. 


For your free Design and Purchasing Manual, write or call any 
New Hampshire Office. 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


up 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC 
INSULATION 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC 

INSULATION 
SINGLE DOUBLE 
TEFLON TEFLON 
OVERLAY OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


wets 


- 
— 


. : qe ae 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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Options include manual 
over-ride for use during machine setup. 
Valvair Corp., 454 Morgan Ave., Akron 
11, Ohio. 
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frequency. 


SWITCHING TRANSISTOR 


The 2N1011 germanium p-n-p power 
transistor has a 5-amp max current rat- 
ing and meets MIL-T-19500/67 (Sig 


» yo © 


C). Other specifications include: cur- 
rent gain range, 30 to 75 at /, == 3 amp 
d-c; collector-to-base voltage rating, 80 
volts max; dissipation, 35 watts at 25 
C mounting-base temperature. Applica- 
tions are power switching and control, 
and audio amplification. Bendix Semi- 
conductor Products, Long Branch, N. J. 
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NEW RESISTOR ALLOY 


Modified 80-20 type nickel-chromium 
alloy “Chromel-R” is used for fine 
drawn wire in precision resistances. 
Properties include resistivity of 800 
ohms/cemf at 20 C; temperature coef- 
ficient of resistance with 0 +10 
ppm/deg C from 65 to +150 C. 
Material available drawn to standard 
wire sizes, ranging from 0.0031 in. 
down to and including 0.0004-in. diam, 
bare or enamel insulated. Hoskins 
Mfg. Co., 4445 Lawton Ave., Detroit 
8, Mich. 
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TRANSISTOR AMPLIFIER 


Moderate-temperature, medium-gain 
voltage amplifier Model 207G, for se- 
vere vibration conditions, has a stable 
gain over operating temperatures from 
—50 to + 50 C. Built-in current-limit- 
ing devices make “runaway” 
sible. Germanium unit cannot be dam- 
aged by short-circuited output or by 
reversing supply. 
gain, over 40 db; closed-loop gain, 10 
to 26 db; bandwidth, 270 cps to 20 


impos- 


power Open-loop 
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PRECISION STEELMAKING CONTROL 


provers UNIFORMIT 


IN ELECTRICAL SHEETS 


Every sheet you buy from Acme-Newport gets top precision 
treatment through every steelmaking process. Combination of 
the scientific formulas of metallurgists with the efficiency of 
modern facilities and skill of their operators, explains this 76- 
year-old basic steel producer’s successful specialization in elec- 
trical sheets. Always true to specification, Acme-Newport finished 
silicon steels are of Known core loss properties, gage structure, 
permeability and punching qualities. Equipment makers thus 
can utilize minimum cost grades that meet peak requirements 
in any application. Let our metallurgists tell you more! 





7 \ee 
[1 Wee 


PUT: 


Cramped quarters 
don’t cramp the style of 
ADVANCE midgets and 
miniatures. You can use 
them on loads from 1 to 
10 amperes continuously 
... and at three times their 
rating intermittently — 
with complete safety. 
They'll resist shock and 
vibration ...stand up 
under temperature 
extremes. You'll find them 
readily adaptable to any 
mounting need... any 
type of duty. 


Some examples: 


MK SERIES 


Extreme light weight and small size 
—requires only .5 cu. in. mounting 
space. Switching is above ground, 
insulation material is silicone glass. 
Beryllium copper armature hinges 
provide stability under shock and 
vibration. 


TQ SERIES 


Only .94 cu. inches in size, yet this 
relay carries 3-amp. loads in any 
combination up to 6 PDT. Mechani- 
cally secured throughout, it’s 
extremely efficient. Non-gassing in- 
sulation. Withstands 10G vibration. 
Temp. range: —50° to +-85°C. 


GH SERIES 


Engineered for high efficiency in 
thousands of applications. The small 
size of these midgets allows installa- 
tion where space is a problem. Avail- 
able in open types, 5- and 10-amp. 
ratings...in dustite plastic enclo- 
sures, 5 amps., and 5-amp. plate cir- 
cuit types. 


from your local 


Elgin-Advance Distributor 


ELGIN-ADVANCE RELAYS 


A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 
2435 NO. NAOMI ST., BURBANK, CALIF. 
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ke + 3 db. Vibration specification, 400 
g at 2 ke without microphonic noise. 
Power required, +- 28 volts d-c at 1 
ma. Taber Instrument Corp., North 
Tonawanda, N. Y. 
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SELF-GENERATING 
ACCELEROMETERS 


Temperature operation to 500 F and 
less than 3 per cent cross-axis (lat- 
eral) sensitivity are features of ac- 
celerometers for vibration testing and 


general industrial measuring applica- 
tions. First resonant frequency, 50 ke; 
internal capacity, 1600 uf; three stand- 
ard sensitivities: 5, 10, and 20 mv/g. 
Maximum acceleration is 5000 g. Her- 
metically sealed case. Clevite Elec- 
tronic Components, 3405 Perkins Ave., 
Cleveland 14, Ohio. 
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ELECTRICAL TAPES 


Five new electrical tapes have been 
announced: 

X-1099 pressure-sensitive, fully curved, 
flexible tape has a backing of 100 per 
cent-solids epoxy resin reinforced with 
0.002-in. thick glass cloth. Tape cal- 
iper is 6 mils. For Class F operating 
temperatures. 

Tape X-1111 has a 0.002-in. thick ex- 
truded TFE-fluorocarbon film backing 
coated on one side with pressure-sensi- 
tive adhesive. Tape caliper is 3.5 mils. 
Adhesive system has maximum resist- 
ance to jet fuels and hydraulic fluids. 
Thermosetting tape for use at Class F 
temperatures. 

X-1112 has a TFE-fluorocarbon-im- 
pregnated glass-cloth backing coated 
with thermosetting silicone adhesive. 
Caliper is 6.5 mils. Designed for appli- 
cations where cold flow of Teflon film 
is a problem, X-1112 provides added 
strength and holding power while giv- 
ing improved cut-through resistance. 
For use at Class H temperatures. 

X-1113 %-mil polyester film is 
coated on one side with thermosetting 
pressure-sensitive adjesive. Total thick- 
ness of tape is one mil. Tape is non- 


ELECTRICAL MANUFACTURING 
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NEW McGILL 1901 SERIES 
30 AMP. MOMENTARY 
CONTACT SWITCHES 


ELECTRICAL RATING 

30A, 125 or 250 V AC (non-inductiye) 

25A, 125 or 250 V AC (inductive) 

1 HP, 125 V AC 

2 HP, 250 V AC 

2A, 125 V DC 

YA, 250 V DC 

Already specified for major appliances, outboard 
motors and other applications where durability and 
higher ratings for switch size can simplify assembly 
and eliminate auxiliary components. 


MSGILL’ QUALITY 


ADDS DEPENDABILITY AT LOWER COST 


This new switch reflects the quality built into McGill 
LEVOLIER switches and electrical specialties for over 
fifty years. Sound design, selected materials and pre- 
cise manufacturing methods provide guaranteed per- 
formance at lower initial and operating costs. Depend 
on McGill switches to help build quality, reliability 
and long, maintenance free life into your product, All 
exceed Underwriters’ requirements. 


1901 SERIES SWITCHES 

Simplified switching action utilizes two precision 
wound stainless steel springs — one controls the actua- 
tion and the other maintains constant evenly distrib- 
uted pressure on the contacts. Bouncing is eliminated. 
Solid copper bridges and contacts are inlaid with silver 
cadmium oxide. Standard as SPST NO or NC, 
and SPST 2 ckt. with six types of actuators. Also 15 
amp. models, t ; 

’ \ 


“evotier® TOGGLE SWITCHES 


Enclosed in impact resistant molded phenolic, all 
basic LEVOLIER toggle switches are dust and 
vibration proof. Available as standard in 6 amp. to 
15 amp. models with added DC and HP ratings. 
Single, 2 circuit and 3 way. Choice of wire leads, 
screw terminals, soldering lugs or spade terminals 
on most models. 


SPECIAL SWITCHES TO MEET YOUR SPECIFIC NEEDS 


In addition to the standard stock McGILL line of switches, special switches 
have been designed for many well known appliance, electrical and elec- 
tronic equipment manufacturers. If you have a special switch require- 
ment, ask McGILL Electrical Division Engineering to review the problem 
with you and apply their specialized experience to recommend the proper 
standard or specially designed switch for the job. 

For complete information on the entire McGILL ELECTRICAL SPECIAL- 
TIES line, write for free catalog $84. 
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engineered electrical products =—» —vwwwwv- 


SGILL: 


, precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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electrical — 
electronic 
industry 


*ALLOYIST—Our own almost-Websterial word, meaning: a single 
reliable source for strip, rod, wire and flat wire to serve your every need. 


*ALLOYIST—A single, reliable source for nickel, nickel silver, cupro 
nickel, stainless steel, phosphor bronze, Monel** and Inconel**. 


*ALLOYIST—A supplier of metals whose manufacturing processes 
are often exclusive, and always the most advanced, to insure total 
product superiority. 


Put the Alloyist cn your Design Staff, Purchasing Staff and Produc- 
tion Staff. We know of only one fully qualified Alloyist . . . Riverside- 
Alloy Metal. Write today for complete information. Riverside-Alloy 
Metal Division, H. K. Porter Company, Inc., Riverside, N.2J. 


** Trademark of the International Nickel Co., Inc. 


METAL DIVISION 


RIVERSIDE-ALLOY 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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corrosive and intended for continuous 
operation at Class B temperatures. 

X-1115 is a 0.001 in. polyester film 
coated on both with yellow, 
thermosetting, pressure-sensitive adhe- 
sive. Caliper is 4.5 mils. Tape can be 
applied to almost any material such as 
mica, metal foil, and fish paper. Tape 
is non-corrosive and recommended for 
use at Class B temperatures. 

Electric strengths of five electrical 
tapes are: 6000, 8500, 6000, 3000, and 
5500 volts for caliper, respectively. 
Various tape widths available. Minne- 
sota Mining and Manufacturing Co., 
900 Bush Ave., St. Paul 6, Minn. 
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VANE-AXIAL BLOWER 

Model E2543-200 blower has applica- 
tion wherever maximum air and me- 
dium static pressure are paramount. 
Utilizing 25/16 in, diam motor, at 


sides 


10,500 rpm blower delivers 200 cfm at 
34 in. water gage. Blower operates on 
200-volt, 3-phase, 400-cycle source. 
Vane-axial blower withstands ambient 
of 85 C, has life in excess of 5000 hr, 
meets MIL-E-5400B. Air-Marine Mo- 
tors, Inc., 369 Bayview Ave., Amity- 
ville, LL, N.Y. 
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PLUG-IN TERMINALS 


Feed-through terminals 1030, 1031, 
and 1032 are designed for use in plug- 
in components. The 1030 and 1031 
terminals (0.040-in. diam) fit into 7- 
or 9-pin miniature sockets and are 
available in six mounting § shank 


i 
iT epryery 
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For lasting dependability, specify... 
EPON RESINS 


When you are looking for outstanding reli- 
ability, even under severe operating condi- 
tions, you can count on Epon resins to give 
you the excellent electrical and mechanical 
performance you require. 


For example—Epon resins have truly 
amazing adhesive qualities—form strong 
bonds to metal, glass, and plastic. They assure 
air-tight, moisture-tight enclosure for delicate 
components and vacuum tubes. Even when 
exposed to solder-bath temperatures, Epon 
resins retain their dimensional stability. 


Epon resin-based insulating varnishes and 
potting compounds, in addition to providing 


excellent moisture sealing, have outstanding 
resistance to attack by solvents and chemi- 
cals, even at high temperatures. 


When reinforced with inert fibrous filler, 
Epon resins produce base laminates of supe- 
rior dielectric properties that can be sheared, 
punched, drilled, and bath-soldered. 


Solvent-free Epon resin adhesive formula- 
tions require contact pressure alone and cure 
at room temperature, or with low heat for 
accelerated curing. 

Will Epon resins solve a production prob- 
lem for you? For a list of resin formulators 
and technical literature write to: 


SHELL CHEMICAL COMPANY 


PLASTICS AND RESINS DIVISION 


110 WEST 51ST STREET, NEW YORK 20, NEW YORK 


East Central District 
1578 Union Commerce Bldg. 
Cleveland |4, Ohio 


entral District 
54 West Touhy Avenue 
Chicago 48, Illinois 


Eastern District Western District 
42-76 Main Street 10642 Downey Avenue 
Flushing 55, New York Downey, California 


IN CANADA; Chemical Division, Shell Oil Company of Canada, limited, Toronto 


APRIL 1960 
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SQUARE-LOOP 
TAPE CORES 

_ TO MEET YOUR 
“TOUGHEST 

SPECIFICATIONS 


Speed your specs to Dynacor 
When you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


DYNACOR J 


DYNACOR, INC. 


A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 
1008 WESTMORE AVENUE @ ROCKVILLE, MARYLAND 
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lengths. Terminal 1032, with a pin 
diameter of 0.032 in., is available in 
five mounting shank lengths. All are 
brass, finished with 0.0003-in. silver 
plate and coated with water dip lac- 
Cambridge Thermionic Corp., 
Concord Ave., Cambridge 38, 


quer. 

145 

Mass. 
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HIGH-TEMPERATURE MOTORS 


Line of electric motors is capable of 
operating at 600 F continuously at 
80.000 ft. Applications include high- 
engine con- 


radiation environments, 


trols, high-temperature valve controls, 
and fans. Three motors pro- 
duced are: 0.05 hp for intermittent 
duty; 0.5 hp for continuous duty; and 
15 hp continuous-duty, 6-pole motor 
(illustrated). All operate on_ three- 
phase, 115/200 volt, 400-cycle power 
and meet environmental requirement 
of MIL-E-5272C in addition to higher 
temperature and_ altitude criteria. 
Motors also designed with or without 
integral brakes. AiResearch Manu- 
facturing Div., Garrett Corp., 9851 
Sepulveda Blvd., Los Angeles, Calif. 
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blowers 


TIME-DELAY RELAY 


Model STR relay will reset the instant 
it is deenergized, providing same time- 
delay period for each succeeding cycle. 
Voltage compensation provided for 
operation on 22 to 32 volts d-c. Tem- 
perature compensation is over range 
of —65 to +125 C. Present time de- 
lay is 20-180 sec. Power drain, less 
than 3 watts after timing period, 10 
watts during timing. SPDT contact 
rating, 2 amp at 28 volts d-c with re- 
sistive load. Curtiss-Wright Corpora- 


Light Duty— 
003 to .05 hp., 


Standard 
duty— 

-05 to 40 ; 
hp., 1750 rpm. 


Medium 
heavy 
duty— 

2.6 to 156 
hp., 100 rpm. 


duty— 

39 to 4250 
hp., 

1200 rpm. 


from .003 to 4250 H. P. 
Ye In. to over 9¥2 In. Bores 


®@ Can be installed in minutes 


® Align with a straight edge— 
no gauges required 


The most trouble-free couplings 
you can install on your equipment 
...no complicated mechanisms, 
all parts open for inspection, re- 
versible cushions, no lubrication 
required. Immediate delivery 
from stock in any quantity. 
Send us your requirements for 
quick recommendations 
and prices. Ask about 
our helpful Flexible h- 
Coupling Guide Sheet AZA. 
eA Sy 
and request am Vie 
Catalog C-56. 
FIRST 
NAME IN 
FLEXIBLE 
COUPLINGS 


im LOVEJOY FLEXIBLE COUPLING CO. 


| 4802 West Lake Street, Chicago 44, Illinois 
Telephone: EStebrook 9-3010 
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our business is 
communications 
and control 
systems... 


For over 75 years North Electric has been designing, engineering 
and manufacturing “systems” designed on the dual functions of 
communications and control. 


Today, North Systems speed man’s thoughts and words over vast 
distances, between continents and over oceans in seconds. 


Today, North Systems control the flow of light, heat, power and 
water for homes and industry, petroleum products for the wheels 
of America and chemicals for industry. 


Today, North Systems are at work on land, sea and in the air as 
integral cogs in our vast transportation network. 


Today, North Systems make possible high speed data processing 
complexes functioning through highly efficient switching centrals. 


Today, North Systems automate production tools and production 
lines, handle packaging and pricing chores, perform scientific test- 
ing, measuring, weighing and analysis, and hosts of similar functions. 


Today, North Systems help BMEWS guard our frontiers, add to our 
missile capability in projects THOR and JUPITER and help keep 
our nation safe and strong in many other defense programs. 


At North Electric, the engineering team represents a cadre of pro- 
fessional competence with the solid background that comes from 
long experience in the application of system concepts. 


rn 


To learn what North can do for you, systemwise, today and tomor- 
row, write for your copy of “North System Concepts” booklet—now. 


a 


ELECTRONETICS D/VISION 


NORTH ELECTRIC COMPANY 


654 S. Market St. Galion, Ohio 


APRIL 1960 ‘ae Circle 283 on Inquiry Card 





pS) hoa SS-16 
DP-DT spring return SP-ST pushbutton, momentary 
0.5-amp. @ 125v ac-dc contact. l-amp. @ 125v ac 
U.L. Inspected U.L. Inspected 


3-position special 
3-amps. @ 125v ac 
OORT TT c te) 


| HEAVY DUTY 


New: ada 


ed 


+} Te) SEE ERT Ea 


OP-DT. miniature 3P-DOT. 3-amps SP-DOT.6 amps 
0.5-amp. @ 125v ac-dc @ 125v ac @ 125v ac 
U.L. Inspected OR ST lias se) ORG Tt as ie) 


a 


$S-26-1 ST] SS Ean) 

SP-DT. 3-amps SP-OT spring return 4-position special 
@125v ac 3-amps @ 125v ac 3-amps. @ 125v ac 
U.L. Inspected OR ar st tate) U.L. Inspected 


FMM LTC CU NCP te 


Ask for 8-page Switch Bulletin RC-11D 
World's largest slide switch line—over 12 low cost 
tandard types—dozens of economical adapta ft 
tions. NEW colored knobs. Special conventional and = 
miniaturized switches designed and produced for H 


i 
large quantity users. Electronic Components Division 


STACKPOLE CARBON COMPANY St. Marys Pa 
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tion, Electronics Div., Components 
Dept., 620 Passaic Ave., West Cald- 
well, N. J. 
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MINIATURE D-C MOTORS 


Reversible d-c motors, Series 14100, 
measure less than 1] in. in diam, are 
184 in. long and weigh 2 oz. Units may 
be applied to repeat-cycle timers, time- 
delay relays, recorders, printed-circuit 


commutators, potentiometer drives or 
as low-voltage generators. Speed toler- 
ance of +10 per cent can be main- 
tained at rated voltage. Standard units 
available for operation on voltages from 
1.5 to 30 volts d-c; special windings 
can be supplied for other voltages. Mo- 
tors normally furnished with integral. 
hardened stainless steel pinion (10 
tooth, 96 D. P.) or with a 1 in. diam 
output shaft. Life expectancy, 1000 hr 
min, either continuous or intermittent 
duty, over temperature range of —54 
to +85 C; rotor inertia, 5 gm-cm*; 
electric strength, 500 volts rms at 60 
cps for 1 min. A. W. Haydon Co., 232 
N. Elm St.. Waterbury, Conn. 
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MULTI-NOTCH 

REJECTION FILTERS 

Networks are available at frequencies 
as low as 25 cps in small MIL-T-27A 
cases. Lower rejection-frequency filters 
available in larger cases. Notch fre- 
quencies can be as closely spaced as 
2:1 with less than 4-db loss hetween 
notches. Thus, harmonic frequency can 


(Continued on page 284) 
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Genne Alloy Bulletin 
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SSSR. 


Ak nce: 


new BRIDGEPORT  NIRONZE’ 635 
gives 90,000 psi yield strength 


90,000 psi Yield Strength Obtained with 
New Age-Hardenable Copper-Nickel- 
Silicon Alloy 


Bridgeport Nironze 635, an age-harden- 
able copper-nickel-silicon alloy, com- 
bines excellent cold-working properties 
with high tensile and very high yield 
strengths, good electrical conductivity, ex- 
cellent general and stress-corrosion resist- 
ance. Supplied in the solution-treated 
and drawn condition, Nironze 635 offers 
exceptional cold-working properties. A 
low-temperature heat treatment, following 
additional cold-work age, hardens this 
alloy to produce tensile strengths of 
100,000 psi, yield strengths of 85,000 psi 
and improved electrical conductivity of 
a minimum of 35% IACS. 


Easily Cold-Formed ... Machined 


The excellent cold-working properties of 
Nironze 635 in the solution-treated and 
drawn condition allow such severe cold 
work as upsetting, cold-heading, roll- 
threading, bending, forming or similar op- 
erations to be carried out with ease. Heat 
treatment following this cold-work age- 
hardens this alloy to produce maximum 
tensile and yield strengths. 

Nironze 635 in the solution-treated-drawn- 
aged condition has a machinability about 
30% of free-cutting brass rod, thereby 
making it possible to carry out such con- 
ventional machining operations as sawing, 
grinding, turning, milling or similar 
operations. 

Maximum cold-work may be performed 
on Nironze 635 in the solution-treated or 


NIRONZE 


| 





soft condition. In order to obtain highest 
possible physical properties, this alloy 
must be cold-worked from 50-80% before 
aging. 
Proved by Performance in 
These Applications 


Cold-headed bolts and fasteners used in 
pole line hardware, switch gear, wire con- 
nectors, neon signs, railway equipment, 
exposed electrical parts and structural 
supports, marine hardware and fittings 
can all use Nironze 635 to advantage. The 
new alloy’s unique combination of high 
yield and tensile strengths, good conduc- 
tivity and high corrosion resistance pro- 


Typical connectors which benefit from high 
yield strength of NIRONZE 635. 


vides design and production advantages 
never before offered by a silicon bronze. 


Test a Sample Now 


Nironze 635 has been thoroughly evalu- 
ated in the laboratory and in the field to 
insure the high quality and top perform- 
ance common to all Bridgeport alloys. To 
get your test samples and full technical 
information, call your nearest Bridgeport 
Sales Office. Or write us direct. Dept. 
Nironze 635 is presently available as rod 
or wire, supplied in the solution-treated, 
solution-treated and drawn, and solution- 
treated, drawn and aged. 


os, 


(Nominal) 


Tensile Yield 
Strength Strength 
psi psi 


tion 

Area 
90 
20 
87 
25 
85 
62 


i 
BS 


of 
% 


Condition 


: 


PHYSICAL 
PROPERTIES 


Solution-Treated 40,000 
Solution-Treated, Aged 88,000 
S.T. Drawn 50% 65,000 
S.T. Drawn 50%, Aged 100,000 
S.T. Drawn 80% 70,000 
S.T. Drawn 80%, Aged 103,000 


12,000 
70,000 
62,000 
90,000 
65,000 
97,000 


RIKLS~ 
SRSNBE 


GS 204s xaescbanouns oun 0.320 Ib/in.3 


COMPARATIVE RATINGS OF NIRONZE 635 vs STANDARD SILICON BRONZES 


Physical Properties 
Electrical Melting 
Conductivity Point 
(Annealed) Liquidus Density Work- 
% IACS °F Ib/in.3 ability % 


Color Red similar to copper 


Thermal Expansion........... 8.9 x 10-—6/°F 
Meiting Point 1990°F 


Electrical Conductivity 
Cold-drawn and aged 30% min. 
0/0 IACS Cold-drawn 15% min. 


NIRONZE 635 *35 
High Silicon 7 
Bronze (A) 
Low Silicon 9 
Bronze (B) 


1990 ©=©66.320 Excellent + *30 **850-900 100,000 
1880 «©=©.:0.308 ~=Excellent 30 900-1300 108,000 


1940 =: 0.316 Excellent 30 900-1250 90,000 


is a registered trade-mark of the Bridgeport Brass Company *Drawn and aged **Aging temperature 


BRIDGEPORT BRASS COMPANY 


Bridgeport 2, Connecticut * Sales Offices in Principal Cities 
Specialists in Metals from Aluminum to Zirconium 


®The term “‘Nironze”’ 


RRASS 


Bridgeport 
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A glass yarn “skeleton...with an asbestos ‘skin’ 


With new Quinorgo R-4...you get high mechanical 
Strength and lasting dielectric properties in one sheet 


Need an insulation paper with the excel- 


For the first time... lent handleability that results from high 
mechanical strength? 


J-M Fiber Glass Yarn Because L-O-F Glass Fibers Company has 


joined the Johns-Manville family, you can 
and J-M Asbestos Fiber now get excellent handleability along with 
good lasting electrical properties in new J-M 

Quinorgo” R-4. 
An open cloth of tough J-M fiber glass 
yarn—the same uniform, low-twist yarn 


; * 
in . single insulation widely used for efficient magnet wire pro- 


duction—provides great strength in both 


are integrally combined 
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...NOW gives you 2-ways-better insulation 


machine and cross-machine directions. Pre- 
vents tearing, penetration; gives improved 
handleability for today’s high-speed fabrica- 
tion techniques. The glass fibers resist mois- 
ture .. . won’t shrink or swell . . . and they 
withstand temperatures up to 1000 F. 


Need dielectric properties that stand up 
under high operating temperatures ? 


You get lasting dielectric strength in new 
Quinorgo R-4. Highly purified asbestos fiber 
—formed integrally with the glass yarn as 
part of the papermaking process— retains 


its electrical properties under high-sustained 
operating temperatures. The asbestos has 
near-unlimited thermal resistance, too. 


Quinorgo R-4 is currently supplied in 10- 
mil caliper for rotating equipment. For this 
or other electrical insulation needs, contact 
your nearby Johns-Manville representative. 
In addition to Quinorgo R-4, he can supply 
a wide range of asbestos-based insulations 
treated with Class B, F, or H resins. Send 
for helpful data sheets. Johns-Manville, Box 
14, New York 16, N. Y. In Canada: Port 
Credit, Ontario. 


JOHNS -MANVILLE 


JOHNS-MANVILLE ay 
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means dependability 


54%" long 
2%” deep 
4," high 


| 0/220 

| 440/550 

be 
Ws 


RUGGED REVERSING 
CONTACTOR 


NON-REVERSING 
TYPES 


Dunco 3- and 4-pole 
contactors for motor 
control uses combine 
small size and long 
life with maximum 
economy. Similar 
ratings. Write for 
Dunco Bulletin 7048. 


without costly auxiliary “frills” 


This sturdy, Type Al75KXX Dunco 
reversing contactor is small, yet designed for 
utmost simplicity and ruggedness. Unsurpassed 
for continuous use and frequent jogging service 
on hoists, machine tool controls, door openers 
and the like. And the price is low! The only 
auxiliary is a mechanical interlock to prevent 
simultaneous closure of both sets of contacts. 

Substantial double-break action as- 
sures long life even under highly inductive loads. 
Rated at 15 amps. to 600 V. AC and up to 3 
h.p. for 440/550 volt AC 3-phase service. Write 
for Dunco Data Bulletin 7100. - 


STRUTHERS-DUNN i 


World’s most diversified relay selection 


Pitman, N. J. 





be rejected while intermediate frequen- 
cies are transmitted. Notches offer 50 
db or more protective attenuation. 
Source and load impedances as low as 
600 ohms. Filters are encapsulated 
within hermetically sealed steel cases. 
T T Electronics, Inc., Box 180, Cul- 
ver City, Calif. 
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PLUG MOLDINGS 


Plug moldings for cord sets are avail- 
able in a choice of colors and can be 
modified for a variety of electrical pur- 
poses. Among designs offered are a 


if 


GS 


‘Oo 
A 


series-wired male-female combination 
plug (MF-1072-2), straight grounding 
plug (M-1077), 7-pronged special-pur- 
pose plug (M-1049), dual phono plug 
(M-1074) and cord-clip plug (M- 
1069). Phalo Plastics Corp., Shrews- 
bury, Mass. 
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INTEGRAL-HP MOTORS 


High-speed _squirrel-cage _induction 
motors are offered in 100-500 hp, 514- 
3600 rpm and frames 584-11320. Mo- 
tors available with silicone rubber as 
well as Class A, B, and H insulations. 
Bearing replacement, when inspection 
proves necessary, can be accomplished 
without uncoupling motor, disconnect- 
ing leads, disturbing motor or coupling 
alignment. Ideal Electric and Manufac- 
turing Co., Mansfield 80, Ohio. 
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LOW-CAPACITY 
RIBBON CABLE 


Flat-strip cable uses vinyl tubing as 
spacers between conductors in order to 
achieve low inter-conductor capacitance. 
Cable offered with various numbers of 
conductors, color-coded and with con- 
ductor sizes 13 through 30 AWG. For 


Sales Engineering Offices in: Atlanta « Boston + Buffalo » Chicago + Cincinnati 
Cleveland + Dallas + Dayton + Detroit « Kansas City « Los Angeles + Montreal « New 
Orleans + New York « Pittsburgh + St. Louis » San Francisco + Seattle « Toronto 
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Beldtherm is a polyester film-coated magnet wire with 
excellent thermal stability. 


it is recommended for temperature ratings of 130°C 
to 155°C—depending upon application, a most 
important point. 


LARGE MOTORS Beldtherm is designed for use in 
stator windings operating at hottest spot temperatures 


Binalications from 130°C to 155°C 


of 130°C. This temperature may be exceeded pro- 
vided there is minimum winding and forming abuse, 
and factors such as radii of coil bends, wire turn cross- 
overs and pressure between turns are favorable. 


TRANSFORMERS Beldtherm, with other suitable 
material in the insulation system, is suitable for dry 
type transformers operating at temperatures up to 


155°C. 


Other Belden Magnet Wires: Beldenamel*, oleoresinous— Formvar*, vinyl acetal 
—Nylclad*, vinyl acetal-Nylon— Beldsol*, polyurethane 


Yaa 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
1-1-0 CHICAGO 


*Belden Trademark 
Reg. U.S. Pat. Off. 
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one wire source for everything 
electrical and electronic 


lead wire * power supply cords * cord sets * portable cordage © electronic 


wire © control cables * automotive replacement wire and cable © aircraft wire 
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NIPPERT 


COPPER. 
SHAPES | 


Nippert produces rectangular 
bare wire, bus bar, commutator 
bar .. . and special shapes. Our 
processing methods control struc- 
ture and temper; provide good 
finishes and close tolerances. Ma- 
terials to match your specifica- 
tions for electrical, thermal or 
structural applications. Send us 
your design or production prob- 
lem .. . ask for bulletin. 


SILVER-BEARING COPPER 

OFHC® COPPER 

OFHC® SILVER-BEARING COPPER 
ELECTROLYTIC COPPER 
ALUMINUM 

OTHER NON-FERROUS METALS 


High Strength at prolonged 
temperatures up to 750 F. 





: N-4 alloy, developed by 
’ Nippert, offers these 
: = Properties: 


Electrical Conductivity from 
90 to 96 percent 1.A.C.S. 
Consistency in structure and 
temper from lot to lot. 


PATENTED 


ELECTRIC PRODUCTS CO 


al | © BRoadway 


oO} 
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cable of No. 22-gage, 7-strand MIL-W- 
16878-C, type C, 0.015 in. vinyl-insu- 
lated wire, spaced with No. 20 gage 
clear vinyl tubing, capacitance between 
two adjacent conductors is 8.5 pf/ft. 
approx; between first and third con- 
ductor, 5.3 pf. approx. Spectra-Strip 
Wire & Cable Corp., Box 415, Garden 
Grove, Calif. 
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EPOXY COMPONENT CASES 


Molding compounds used for compo- 
nent cases are of two types. First 
glass-filled epoxy has electric strength 
of 400 vpm; volume resistivity, 10 

10'° ohms/cm; heat distortion, 


lee 
gi°mxs 


210 F; water absorption, 0.3 per cent 
weight increase. Mineral-filled com- 
pound has electric strength of 350 
vpm; volume resistivity, 1.7 >< 10'° 
ohms/cm; heat distortion, 203 F at 
264 psi; water absorption, 0.06 per 
cent weight increase. Component cases, 


square or rectangular, range from 14 


in. square by 14 in. long to 2 in. 
square by 2 in. long. Cylindrical cases 
range from 14 to 2-in. diam in lengths 
from 1% to 2 in. Plastronic Engineer- 
ing Co., 721 Boston Post Rd., Marl- 
borough, Mass. 
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MOTORIZED RHEOSTATS AND 
VARIABLE TRANSFORMERS 


Motorized units are employed in re- 
mote-control applications or where a 
predetermined rate of resistance or vol- 
tage change must be achieved. Standard 
drives consist of motor with integral 
gear reducer and cam-operated limit 
switches to accomplish reversal of con- 
trol. Standard assemblies are arranged 
for horizontal-surface mounting. Special 
mounting situation can be provided for. 
Motor-driven assemblies of ganged 
transformers or rheostats or combina- 
tions can be supplied. In addition to 
standard a-c motors, a-c or d-c servo 
motors can be provided. Traverse time 


VARIAN 
Potentiometer 
RECORDERS 


Something important 


has been added... 


3. THE NEW G-22 IS 


2 CHANNE 


Two channels mean more than 
just an added trace. They make 
the G-22 a correlator of si- 
multaneous variables—any pair 
you choose. And among two- 
channel recorders, the G-22 is 
the most practical yet—lighter, 
more compact, more versatile 
and lower in cost than any other 
of its type. 


Interchangeable plug-in input chas- 
sis; 1% limit of error and one second 
full-scale balancing time; adjustable 
range from 0-10 mv to 0-100 mv; 
dual chart speed standard; four 
speeds optional; portable or panel- 
mount versions; weight 35 pounds; 
price $975. Full specifications availa- 
ble. Write the Instrument Division. 


VARIAN 
associates 


PALO ALTO 23,CALIFORNIA 
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and “‘‘universal’’ contact blocks. . . 


GENERAL ELECTRIC OFFERS 





BY 


NEW “building-block” d-c contactors and relays 


General Electric’s new line of d-c con- 
tactors and relays features a new 
concept in component design—building- 
block construction. Using front-con- 
nected frame and coil parts, standard 
assembly kits, and “universal” contact 
blocks, more than 100 different control 
devices can be assembled. This new 
design concept makes possible these 
important cost-saving advantages: 

Reduced inventory—with building-block 
design, you need to stock only a mini- 


mum number of standard parts. Not 
only does this mean less costly inven- 
tory, but valuable storage space can be 
released! 
Immediate availability—with General 
Electric devices, the contactor or relay 
you want can be assembled on the spot! 
No need to order a specific device and 
await delivery, or stock a large num- 
ber of special ratings. Assemble what 
you want—when you want it! 

Order today from General Electric’s 


complete line of stock d-c contactors 
and relays featuring the new building- 
block construction. 


NEED OTHER COMPONENTS? 


General Electric also has complete 
lines of plate rheostats and vitreous- 
enameled resistors for all your control 
needs. For more information, contact 
your General Electric Sales Repre- 
sentative or mail this coupon today! 
Industry Control Dept., Salem, Va. 


GENERAL @@ ELECTRIC 


Vitreous-enameled resistors—1070 ohmic val- 


Plate-type rheostats—windings are com- 


ues from stock, fixed or slide-wire, 5 to pletely encased in metal to give longer and 


200 watts. Call your G-E representative. 


more reliable service for any application. 


To: Section A784-25 
General Electric Co. 
Schenectady 5, N. Y. 


Please send the following bulletins: 
0) GEA-6621—D-c contactors and relays 
0 GEA-6592—Vitreous-enameled resistors 
0 GEA-6474—Plate-type field rheostats 


Name 
Company 
Address 


City 


permit assembly of more than 100 devices 








period of control can be set for specific 
application. Ohmite Manufacturing Co., 
3677 Howard St., Skokie, Il. 
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EQUIPMENT CHASSIS 


Flexible chassis for electronic equip- 
ment utilize side frames made of 14-in.- 
thick prime aluminum extrusions, or 
0.075 cold-rolled steel, heli-arc welded. 
Flexible chassis are 17 in. wide. 


» 


Lengths available from 9 to 26 in. 
in l-in. increments; front panels, any 


COST-CUTTING PRODUCTION TEAM! multiple of 134 in. Thickness of front 


panel is 14 in., with other thicknesses 
... the two-way answer to assembly problems available. Mounting plate, 0.081 alu- 


minum; rear panel, 0.081 aluminum 
or 0.075 steel on steel chassis. Optional 
mounting-plate heights range from 
254 to 1034 in. Center of any slide 
mounting 1 in. down from side sup- 
port will automatically align chassis 
in accordance with EIA, Universal, or 
Western Electric hole patterns. Elec- 
tro-Pack, Inc., 11505 Jefferson Blvd., 
Model 53 Culver City, Calif. 
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OVERTEMPERATURE 
PROTECTOR 


Designed specifically for single-phase 
fractional-hp motors 1] in. in diam and 
larger, Klixon 5891 is also suitable 
for small solenoids and transformers. 
Protector is responsive to both cur- 
rent and temperature. Temperature 
levels of protection are 150, 175 and 
200 C. Maximum contact capacity is 
5 amp at 27 volts d-c or 120 volts a-c. 
Units conform to MIL-M-7969 and 


MIL-M-8609, and when mounted in 
Assembly problems are a designer's problems, too. Here’s a combina- equipment they comply with MIL-E- 


tion that cuts production costs and gets rid of assembly problems in a 5272. Protector can be inserted into 
hurry—Milford Tubular Rivets made to high quality standards to cavity, secured to windings, or held 
assure a better finished product for you... Milford automatic rivet- by clip. Envelope dimensions, 0.28 x 
setting machines that can be quickly adapted to your particular 0.20 x 0.60 in. Weight, excluding leads, 
fastening needs. 1 gm. Illustration shows protector 
mounted on permanent-magnet motor. 


Milford's Manuat OF Movern Rivetinc Practice may have the answers Metals & Controls Div., Texas Instru- 
; i é 


to your riveting problems. Ask a Milford Representative to show you 
how to use this manual to cut production costs. 


INHERENT OVERTEMPERATURE 
PROTECTOR 


MILFORD RIVET 
& MACHINE CO. 


MILFORD, CONNECTICUT @ NORWALK, CALIFORNIA 
ELYRIA, OHIO @ AURORA, ILLINOIS e@ HATBORO, PA | 
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Unique Electromechanical Interlock 
Performs Multiple Switching and 
Signalling Functions... 


taining pin desig 
. tat side force 
ELECTROID’s model AM-1500 represents an entirely new concept in 
solenoid relay design, capable of mechanically retaining extremely high 
loads and simultaneously providing electrical interlock and positioning 
information. Switches can be set precisely to any predetermined oper- 
ating tolerance. Various arrangements of independent interval SPDT 
switches can be operated at both the beginning and end of stroke. 
This feature, by either internal or external electrical connection 
of the switches, can be made to interlock remote mechanical or 
electrical action. Provides high shock and vibration resistance 
(meets MIL-S-7029, MIL-E-5272 and MIL-S-4040 specifications). 
Fail-safe feature for aircraft, missiles and missile launchers. 


Features of the AM-1500 (as illustrated) 


* Retaining pin design withstands 
3,000 Ibs. static side force. 


* Positive action overcomes 15 Ibs. 
load @ 12 V.D.C. @ 72° F @ .250 
stroke upon energizing. 


* Internal 10 Ib. spring force repositions 
retaining pin upon deenergizing. 


For special assistance with your particular 
electromagnetic requirements and for complete 
technical data on the AM-1500, write today. 


" ’ ie as ¥ 
a > EY # q 4 J aA A -* r 
R P oO R A T 1 °o N 


97 Progress Street, Union, New Jersey 
Tel.: MUrdock 6-8290 
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INSTALLATION TIME 


CUT ONE-THIRD .. with Miller 


*A designer for a leading electrical wiring device manu- 
facturer hit upon a new design for a contact used in wall 
receptacles: eliminate the tie-down screws for incoming 
wire. Result—up to 30% saving in installation time . . . if 
a metal possessing the necessary properties could be 
found for the part. 


The design called for a metal exerting just enough 
tension to lock the wire in place when inserted, keeping 
it from pulling out during installation and use. The 
headaches began when alloy after alloy fractured in 
forming the intricate part. 


Then Miller entered the picture. Working closely with 
the manufacturer, Miller specialists were able to develop 
and supply a phosphor bronze alloy that entirely licked 
the fracture problem—and exhibited sufficient pressure 
to ensure good conductivity throughout a lifetime of 
service. 


If savings in assembly and installation time, eliminat- 
ing reject problems and cost-cutting from mill to finished 
part have a place in your operation, find out how Miller’s 
experience in custom-tailoring phosphor bronze can 
save you time and money. 


*Name and case history on request. 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 
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ments, Inc., 34 Forest St., Attleboro. 
Mass. 
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TRIMMING 
POTENTIOMETER 


Miniature potentiometer offers one- 
hole panel mounting and stability of 
30 ppm nominal to 190 C. Power rat- 
ing, 3.5 watts at room temperature, 
0.35 watts at 175 C, derating to zero 
at 200 C. Available in resistances from 


50 to 100,000 ohras using 25-turn ad- 
justment screw with clutch. Choice of 
terminals includes insulated leads o1 
printed-circuit plug-in pins. Enclosure 
is die-cast aluminum, 1.257 x 0.242 x 
0.330 in. Meets MIL-E-5272A, MiL- 
STD-202A Method 106 and NAS-710 
specifications. Weight. 5 gm; life ex- 
pectancy, 2000 hr min at 190 C to 
unlimited at 100 C. Aero Electronics 
Corp., 1745 W. 134 St., Gardena, Calif. 

Circle 519 on postcard at end of book 


BRIGHT GLOW LAMPS 


Miniature neon lamps LNE 45, LNE 
47 and LNE 48 are said to be five 
times brighter than the original mod- 
els, NE 45, NE 47 and NE 48. Lamps 
operate at 14 watt and on 105-125 volts 
a-c instead of 14 watt and have a series 
resistance of 12,000 ohms (internal for 
LNE 45 and external for LNE 47 ard 
LNE 48). Signalite, Inc., Neptune, 
NM. J, 
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NARROW-RANGE 
A-C VOLTMETER 
Voltmeter is calibrated from 110 to 130 
volts in 14-volt intervals. Accuracy is 
0.3 per cent of mid-scale value. Meter 
available for both %0 and 400-cycle 
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This Wagner Motor can save you 
up to 30% in costs on air-moving equipment 


AIR OUEK TaaTORS It’s the Wagner Air-Over Motor . . . specifically designed for air- 
TOTALLY ENCLOSED TPE Ep -1 moving applications in which a propeller or axial flow fan is mounted 
a | | on the motor shaft. 

Save you up to 30%? Yes, for Wagner Air-Over Motors can deliver 
more power than their rated horsepower output. For example, as 
shown on the chart at left, a 5 horsepower rated motor installed in 
a fan or blower which delivers about 4,000 feet of air per minute is 
capable of delivering 7 horsepower. You get more work from a 
smaller motor .. . at costs up to 30% less. 

Wagner Air-Over Motors are suitable for either horizontal or 
vertical mounting. They are totally-enclosed, nonventilated NEMA 
Design “B” motors (normal torque—normal slip). You can use them 
in cooling towers, crop dryers, exhaust systems, air-cooled heat ex- 
changers and condensers . . . any air-over fan and blower application. 

Specify Wagner Air-Over Motors for all your 
air-moving equipment applications. Your prod- 
ucts will operate at peak efficiency for years, 
need less service and fewer repairs. And, you'll 
give your customers equipment powered by 
motors they know . . . motors that have a reputa- 
tion for long, dependable service. 

Call your Wagner Sales Engineer now . . . get 
the whole Wagner Air-Over Motor story. There 

: are Wagner Branches in 32 principal 

cities across the country. 











HORSEPOWER OUTPUT 











| Wagner Electric @rporation 


“o a00 800 snes 1600 2000 2400 2800 3200 3600 4000 4400 , 6454 Piymouth Ave., St. Louis 33, Mo. 
AIR VELOCITY (F.P.M.) OVER FRAME SURFACE wM60-13 
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for faster assembly, uninterrupted production... 


Use TOUGH, UNIFORM, ACCURATE 


Ceramic Parts from 


Defective, bad-fitting components slow 
down assembly, make for inefficient pro- 
duction. The result is higher overhead, 
lower profits. 


But— Wisconsin Porcelain Co. can 
help you keep costs at a minimum by 
providing you with highly uniform por- 
celain, refractory, steatite or filter body 
parts. Wisconsin Porcelain Co. has over 
40 years experience in efficient and eco- 
nomical production of ceramic parts to 
meet your exact needs. 


Wisconsin Porcelain Co. 


Find out for yourself what Wisconsin 
Porcelain can do for you. Send us your 
ceramic parts requirements today. A 
sample or blueprint will do. You'll get 
a prompt reply. 


Serving the Electrical and Electronic 
Industries since 1919 


WISCONSIN Porcelain Co. 
115 Market St., Sun Prairie, Wis. 


In the Chicago Industrial Area 
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Vucreased Vusulatiou 
BETTER CONNECTIONS 


JONES BARRIER 
TERMINAL STRIPS 


Leakage path is increased — direct shorts from frayed 


terminal wires prevented by bakelite barriers placed 


No. 2-142 


No 2-142-%4W 


oh Le tu Lee ee ee et 


nickel-plated. Insulation, black molded bakelite. Finest 


construction. Add much to equipment's effect 


Bey te eh OL LLG 


No. 2-142-Y 


Illustrated: Screw Terminals—Screw and Solder Terminals—Screw Terminal above Panel 


with Solder Terminal below. Every type of connection. 


Six series meet every requirement: No. 140, 5-40 screws; No. 141, 6-32 screws; No. 
142, 8-32 screws; No. 150, 20-32 screws; No. 151, 12-32 screws; No. 152, '/4-28 screws. 


Catalog No. 22 lists complete line of Barrier Strips, and other Jones Electrical Con- 


necting Devices. Send for your copy. 


duty. Response time, 2 sec. Flange di- 
mensions, 414 in. with 7.1l-in. scale 
length and 834 in. with 14.2-in. scale 
length. General Electric Co., Instrument 
Dept., Schenectady 5, N. Y. 


Circle 521 on postcard at end of book 
VARIABLE RESISTORS 


Carbon control Model MLC, 1%-in. 
diam, offers performance character- 
istics and features of larger 15/16-in. 
‘ontrols. Control can be supplied with 
switch for 2-amp, 125-volt a-c  serv- 


ice, using a floating contact ring of 
same size and design employed in 
larger Illustration 
new model in foreground compared to 
15/16-in. diam control at rear. Either 
nylon or steel shaft can be supplied. 
P. R. Mallory & Co., Inc., 3029 E. 
Washington St., Indianapolis 6, Ind. 
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CLASS F WIRE ENAMEL 


Wire enamel is capable of withstand- 
ing temperatures of 175 C. This addi- 
tion to Alkanex polyester line fea- 
tures excellent runability and Freon 
resistance, which makes it suitable for 
hermetic motor applications. Cut- 
through values range from 290 to 315 
C. General Electric Co., Schenectady 


by > ee 


switches. shows 
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SNAP-ACTION SWITCH 
DPDT switch Model DA_ embodies 


features such as quick-connect termi- 
nals and resistance to dirt, dust and 
moisture. Besides pin-actuated model, 
the switch can be furnished with leaf, 
roller-leaf, overtravel- 
plunger actuators. UL listing is 15 
amp, 125/250 volts a-c; horsepower 


hinged and 


HowaRD B. JONES DIVISION 


CINCH MANUFACTURING COMPANY 
os * ~~ . 9 - p eee — 
peer CCE eres Fe emer) ow b 


DIVISION OF UNITED-CARR FASTENER CORP. 
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TEFLON* 
FILMS 











ORs 
INSULATING TAPES 






TEFLON* ' 


TUBING 1) LOO) tO) =] ota: 


COIL WRAPPINGS 









INSULATING 
COMPOUNDS 


Whatever the job... PERMACEL 


NEW BRUNSWICK, NEW JERSEY + TAPES + ELECTRICAL INSULATING MATERIALS « ADHESIVES 


ratings: 4% hp at 125 volts a-c, 1 hp 
at 250 volts a-c or 34 hp at 125 volts 
a-c, 14% hp at 250 volts a-c. Switch 
body is 14% in. high, 13/16 in. long, 
and 41/64 in. thick. Unimax Switch 
Div., W. L. Maxson Corp., Ives Rd., 
Wallingford, Conn. 
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BAR KNOBS 


Series 70 sloping-pointer bar knobs are 
offered in black or gray, with or with- 
out dial skirts, and in either mirror or 
non-reflective matte finish. Colors 


Variable and jolerance 
Polystyrene Capacitors 


All types hove Type PV and Type PW variable polystyrene capacitors in 
power factor bathtub containers. Highly stable and adjustable over the 
of less thon range of plus- minus 1% of the nominal capacitance. 
05% at Type PX close tolerance polystyrene capacitors in bathtub 
1000 CPS. containers. Tolerances available 1%, 0.5%, 0.25% and ‘ilonitril ei 
0.1%. Stability better than 0.1% per year of life. ed of acrilonitri e-styrene copolymer 
with aluminum insert and two set 
screws. For 1/4-in. shafts. Mechanical 
Component Sales, Commercial Appa- 


e rN ty ratus and Systems Diy., Raytheon Co., 
Waltham 54, Mass. 
 ) ah Circle 525 on postcard at end of book 


2620 N. DT a Chicago 14, es DI 8-3735 TEFLON ADHESIVE 


ircle 299 on Inquiry Card Adhesive system for bonding TFE- 
fluorocarbon to itself and to other ma- 
terials is designated PA-746. Adhesive 
kit includes a treating agent which 


after prepares Teflon surface, plus two-part 
bonding agent that: cures in a_ few 
hours. Any standard grade of Teflon 
or other fluorocarbon plastic may be 

years \ 


employed. Treatment is restricted only 


em —- . 
oo eee to those surfaces that are to be bonded. 


available on special order. Knobs mold- 


Write for free bulletin Type PV. 


. aM Plastic Associates. 185 Mountain Rd.. 
K a . Laguna Beach, Calif. 
€j , ) . Circle 526 on postcard at end of book 


HIGH-PRESSURE 
SOLENOID VALVE 


Two-way SV-1 valve controls pressures 
from 1000 to 9000 psi. It is a poppet 
type, normally open to allow circula- 
tion of hydraulic fluid through valve 
and back to reservoir. When actuated, 
valve blocks return line and forces oil 

(Continued on page 297) 
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KESTER SOLDER 


The highest standards of manu- by industry on KESTER SOLDER. This 
facture and use of virgin metals acceptance has been carefully built 
exclusively have contributed to the up over the last 60 years. It’s a 
virtually single-minded insistence responsibility we don’t take lightly. 


WRITE today for complete 78-page Kester technical manual 
“SOLDER . . . Its Fundamentals and Usage.” 


KESTER SOLDER COMPANY 


4209 Wrightwood Ave., Chicago 39, Ill. © Newark 5, N. J. © Anaheim, Calif. © Brantford, Canade 
OVER 60 YEARS’ EXPERIENCE IN SOLDER AND FLUX MANUFACTURING 
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UNLIKE ANY MOTORS YOU'VE EVER SEEN... 


General Electric’s NEW 


. a revolutionary concept in small component motors. Throw away any preconceived notions you may 
have about small fhp component motors. General Electric's new Unitized* motors are com- 
pletely different, offering you previously unrealized design freedom in applying motors. 


New G-E Unitized motors are characterized by high efficiency, small size, and many features for easier 
adaptation to your products (see details on next page). No longer do you need to com 
promise your exact design and performance requirements to meet existing motor types. 


Unitized motors perform better too! You can count on long life, uniform performance and quiet 
operation when you apply new Unitized motors. 


Your G-E sales engineer will be proud to show you how this newest result of General Electric 
ADDED VALUE engineering and research can help you meet your exact design re- 
quirements. Call him today, or fill in the coupon on the next page. 


Ee Ee ee Progress /s Our Most /mportant Product 
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59-FRAME UNITIZED MOTORS 
4-pole, 1 millihorsepower through 1/15 hp 


APPLICATIONS — Dehumidifier 
draft space heaters Hassock 
Kitchen, bathroom 
Portable evaporative cooler 


Recorders Projectors Busines 
RATINGS AND MODELS—Both shaded-pole (Type KSM) 


and permanent-split capacitor (Type KLM) models l 
mhp through 1/15 hp 1550 rpm +-pole Single-phase 

Class A insulation 
watts Reoilable sleeve bearing 
ing Single or double shaft*® 
FEATURES — Small, compact size Lightweight 


nently-aligned bearings New integral stator 


portable fans 


machine 


Impedance protection through 9 
Stud or band mo 
Open o1 


Perma 


tion Continuous hydrodynamic oil film to red 
wear, and noise Up to 40%, higher operating 
New capillary oil retention system; require 


reoiling under normal operation All-angle mounting 


33-FRAME UNITIZED MOTORS 
2-pole, 1 through 20 millihorsepower 
APPLICATIONS — Domestic refrigeration and freezer evap 


orators Fans Blowers 


Projectors Pumps 


Business machines Re 
orders Vending machines 
RATINGS AND MODELS—Shaded-pole (Type KSB) models 
1 to 20 millihorsepower 3000 rpm 2-pole Single 
phase Class A insulation Impedance protected through 
6 MHP Permanently lubricated sleeve bearings Re 
silient or solid mount Single or double shaft Open or 


totally enclosed 


FEATURES — Small size, lightweight High operating effi 


ciencies Low current drain Extremely quiet operation 


Horizontal or all-angle operation Leadless Integral 


stator core insulation with high moisture and dielectric re 
Stator and core as 


sistance Hydrodynamic oil films 


sembly treated with epoxy protective varnish 


a GENERAL ELectric Cretized MOTOR CAN... 
MEET YOUR EXACT PRODUCT NEEDS 


New General Electric Unitized Motors are unlike any small 


fhp component motors you've ever seen before 

General Electric has literally reversed traditional motor 
design and construction by building these motors inside out 
This allows G-E engineers to virtually eliminate the ac 
cumulation of machining tolerances and assembly varia 
tions which have traditionally hampered the performance 
of small motors. Optimum electrical and mechanical rela 
tionships are predetermined. The air gap between the rotor 
and stator is mechanically established and then the motor 
is literally built around this air gap. Bearings are accu 
rately aligned to the shaft. These precise relationships are 


permanently established by a_ specially-developed resin 


General Electric Co., 
Section 632-16 
Schenectady 5, New York 


GED-3844; 4-pole UNITIZED 
Motors 


GED-3876; 2-pole UNITIZED 
Motors 


Please send me the follow- 
ing publications: 


NAME 
ADDRESS 
COMPANY 
JOB TITLE 


PRODUCTS 


which bonds the end shields to the stator 
The result 
never before attained in this type of motor. Add to this the 


uniformity and high operating efficiencies 


permanently-aligned bearings and superior lubrication sys 
tem provided by Unitized Motors, and—by any standards 
you wish to apply—new G-E Unitized Motors are an ob 
vious choice for small motor-driven products 

General Electric is equipped to build the exact Unitized 
Motor you require for your products. Your G-E sales engi- 
neer will gladly discuss the wide variety of Unitized Motors 
with you and show you the one that can make the best 
contribution to your product. Why not call him at your 
nearby Apparatus Sales Office and ask him about obtaining 
a Unitized Motor for testing on your product? Or fill in 
the coupon for more information. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 





It would take you over three months 
Only one hose is required to the work. to wal k past Harpe r’s 


Solenoid valve measures 314 x 7 x 81% 


in. Available with either hand or foot < , com plete stock of 


switch and operates on 110 volts, 60 


cycles. Three- and four-way versions " —— = corrosion-resistant 


in various voltages available. Manco 
Mfg. Co.. Bradley, III. 


Circle 527 on postcard at end of book F fasten i ngs see 
EPOXY HEADER 


Designed for use with either epoxy Harper manufactures and maintains the world’s largest stock 

of standard and non-standard fasteners in Stainless Steel, 

Brass, Monel, Silicon Bronze, Naval Bronze, Aluminum, Copper, 
; : i . Titanium, and other corrosion-resistant alloys. Harper's 

metal hermetic seals in various appli- eke ; See ‘ ; 

: 3 operation is complete—from elements, billets and extruding to 
cations. Header leads are embedded mn rolling and fabricating parts—uniform quality control that 
cured, molded epoxy. Available in assures you of the finest parts that money can buy, yet includes 
flame-resistant and mineral-filled ep- the economies that only an integrated operation can realize. 

This is another important difference that separates Harper 
from other fastener companies all over the world. 

Harper distributors everywhere maintain complete stocks 
for immediate delivery. See your Yellow Pages. 


shells or conventional metal cases, the 
all-epoxy header can replace glass-to- 


Write for your free copy of new, factual, 
informative 24-page “CORROSION GUIDE.” 


‘ 


tet 
CECELE 


oxy. Dissimilar leads may be welded 
together and then molded into header 
body for added strength. Headers also 
available with shoulder ridge molded to 
fit into and support case. Threaded 
brass insert may also be molded into 
header to fit female end of component. 
Leads are embedded to fit standard 
seven-pin miniature socket. Choice of 
epoxy formulations available. Epoxy 
Products, Inc., 137 Coit St., Irvington, 
Ps a 


THE H. M. HARPER COMPANY 


8208 Lehigh Avenue + Morton Grove, Iitinois 
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PLUG-IN LIMIT SWITCH 

Switch 301LS1 contains two, 2-circuit 
double-break switches which can con- 
trol four isolated circuits. When moved 
to left, actuator operates one basic 
switch, and when moved to right, op- 
erates other. Operating characteristics 
identical in either direction. Rating of 
each basic switch, 10 amp at 120, 240, 
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ANOTHER BIG HARPER 


Difference! a: 
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FANSTEEL 


FANSTEEL METALLURGICAL CORPORATION North Chicago, IWl., U.S.A. 


Circle 303 on Inquiry Card 


460 volts a-c; % hp at 120 volts a-c; 
0.8 amp at 115 volts d-c. Operating 
force, 3 lb max. Micro Switch Div., 
Minneapolis-Honeywell Regulator Co., 
Freeport, Il. 
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PROBE THERMOSTAT 


Model B-600 is a non-bi-metallic dif- 
ferential expansion appliance ther- 
mostat, adjustable to a range of tem- 
peratures between 70 and 500 F. 


AWS 


~~ 


Thermostat has adjustable set screw 
which permits trimming calibration to 
closer limits. For a-c operation only 
with max of 230 volts and 1650 watts. 
It has single-pole, single-wire controls. 
American Thermostat Corp., South 
Cairo, N. Y. 
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DOUBLE-DIFFUSED 
SILICON RECTIFIER 


Style 31 stud-base rectifier is rated 
17 amp average current at 25 C am- 
bient on a 5 x 5 x 1/16 in. copper heat 
sink. Peak inverse voltages range from 
50 to 400 in 50-volt steps. Typical for- 
ward dynamic resistance, 0.009 ohms. 
Syntron Co., 490 Lexington Ave., Homer 
City, Pa. 
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FORCE-CONTROL SWITCH 


Force switch can be adapted to heavy- 
duty service or continuous outdoor ap- 
plication. Switches contained in hous- 
ing at center actuated at various 
pre-set load points (by means of ad- 
justment screws) as load causes “U” 
section of beam to open. Snap- 
switches are completely enclosed. Ten- 
sile-force-control switches include 


mae“ 
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safety bolt across end of deflection 
beam and have 4-1 safety factor. 
Adaptable to applications such as over- 
load prevention, remote indications, 
operation of warning signals, and 
automation of other applications in- 
volving force or weight. Up to four 
miniature switches, operating separate- 
ly or at same load point, can be 
furnished. Capacities from 5 to 50,000 
lb are standard, with both compression 
and tensile models available. W. C. 
Dillon & Co., Inc., 14620 Keswick St., 
Van Nuys, Calif. 
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DUAL POWER SUPPLY 


Modular supply Model RS450 provides 
two outputs of positive 300-400 and 
negative 300-400 volts, or single out- 
put of 600-800 volts, at currents to 50 
ma. A-C outputs: 6.3 volts at 2 amps; 


6.3 at 15 amps; 6.3 at 1.5 amps, all 
center-tapped. Ripple and noise, 7 mv 
peak-to-peak max; recovery time, less 
than 25 psec; input, 106 to 125 volts 
a-c, 60 to 400 cps; internal impedance, 
less than 1 ohm; load regulation, 0.03 
per cent; line regulation, 0.02 per cent. 
Trans Electronics, Inc., 7349 Canoga 
Ave., Canoga Park, Calif. 
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UNCURED INSULATING 
BOARD 


Uncured electrical insulation is used 
where parts must be formed during 
fabrication. During or after forming, 
the board is cured by baking or hot 
pressing. 

Duroid 750 characteristics when 
cured (0.062 in. thick): electric 
strength, 500 vpm dry, 300 vpm with 
7 per cent moisture content; tensile 
strength lengthwise, 23,000 psi; ten- 
sile strength crosswise, 7000 psi; 
flexural strength, 26,000 psi lengthwise 
and 15,000 crosswise. 

Duroid 850 characteristics cured: 
electric strength, 500 vpm dry, 300 
vpm with 7 per cent moisture; tensile 
strength, 19,000 psi lengthwise and 
8500 psi crosswise; flexural strength, 
30,000 psi lengthwise and 20,000 cross- 
wise. Roger Corp., Rogers, Conn. 

Circle 534 on postcard at end of book 
(Continued on page 300) 
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The Latest in RELIABLE 
Silicon Power Rectifiers 


a 


RELIABILITY 


FANSTEEL METALLURGICAL CORPORATION North Chicago, WWi., USA 
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800 to 1 hp favorites 
for quiet operation, 

= low maintenance and 
'f long-life service... 


From the case of the 

A. O. Smith Motor Man — a 
complete stable of integrals 

that include single-phase 

models (1-5 hp) or polyphase 
(1-800 hp). Also a team of 
fractional-hp motors. All are sure 
bets to give top performance 

over the long, long haul. 

And there’s an A. O. Smith Motor 
Man near you — chomping at 

the bit to give you 24-hour action 
on all parts and service orders. 
Circle 305 on Inquiry Card 


ELECTRIC MOTORS 
Tipp City, Ohio 
A.0. SMITH INTERNATIONAL, S.A 
Milwaukee 1, Wisconsin, U.S.A 


') VARIATIONS ON 
} XCK BOBBINS 


High Quality SMALL BOBBINS in NYLON - DELRIN 
- KEL F and other engineering thermoplastics 


FROM STOCK: scores of bobbins for Handy reference to help you choose 
immediate delivery. or design the right bobbin. GRC’s 


VARIATIONS: simplified design data Unique single-cavity techniques assure 
for modifications of stock items at Uniformity and precision. Smooth, 
little or no tooling cost. flash-free surfaces simplify winding, 


- P duce assembly costs. 
TO SPECIFICATIONS: wide design “° 
possibilities, including miniatures. gy Ry yoez Sac 
NO SIZE TOO SMALL! 


Maximum sizes— 
1%" long, .03 oz 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Smal/ Die Castings 
149 Beechwood Avenue, New Rochelle, N. Y. * NEw Rochelle 3-8600 


25 years of 
progress in 
tiny parts > 


aims it Mnsitaienioe O 
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MINIATURE INDICATOR 
LIGHT 


Lampholder Model 856 may be used 
with both neon and_ incandescent 
bulbs. Two-terminal holder mounts in 
7/16-in. hole. Front-removable lamp- 


holder designed with midget flange 
base and is available with red, white, 
blue, green, clear and amber lenses. 
Sloan Co., 4029 Burbank Blvd., Bur- 
bank, Calif. 

Circle 535 on postcard at end of book 


SAMPLING RELAYS 


“Micro-Scan” relays are designed for 
d-c, asynchronous and _ synchronous 
switching of extremely low-microvolt 
level to moderate-level signal circuits 
such as found in digital, analog and 
measurement applications. Mechanical 
relays available in DPDT and SPDT 
models with contact rating of 0-10 
volts at 1 ma. Operating time is less 
than 750 psec and driving system re- 
quires less than 500 mw to polarized 
center-tapped coil. Thermal noise, less 
than 3 microvolts; contacts arranged 
to make-before-break or break-before- 
make with center position off. Mount- 
ing position is noncritical. Various 
standard models offered. James Elec- 
tronics Inc., 4050 No. Rockwell St. 
Chicago 18, Ill. 
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CREATIVE ANALYSIS PAYS OFF! 


Rudd-Melikian, Inc., one of the recognized leaders in the vending machine 
manufacturing industry, needed substantial increases in production efficiency 
to keep pace with the market requirements on their new “‘Brew-a-cup”’ coffee 
maker. A study, conducted jointly by R-M and AMP engineers, indicated 
AMP-lok multiple wire connectors as the solution. 


ADVANTAGES: AMP-lok snap-assembly connectors. . . 
e replace bulky solder-type connectors 
e permit use of modular construction techniques 
e facilitate final assembly and in-service maintenance 


THE ’ PAY-OFF’: Twice the previous production volume of electrical control harnesses 
with no increase in production facilities. 


You can start your creative analysis to better wiring with a request for AMP-lok information, today. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
aa aig | | en on on Inquiry Card | :. pa 





STROMBERG-CARLSON 


“Bp” 
sate 
aS 


For your automation 
... computing... control 
circuit applications... 


“TELEPHONE QUALITY” 
at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
and humidity. 
Prompt delivery is available on 


temperature 


all orders. 

For full information write to 
Telecommunication Industrial 
Sales, 117 Carlson Road, Roch- 
ester 3, New York. 


STROMBERG -CARLSON 


A DIVISION OF 


GENERAL DYNAMICS 
OLS A TES 
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TEMPERATURE CONTROLLER 


Non-indicating controller maintains 


| control of process equipment between 


0 and 1100 F. The SPDT snap-action 
switch is rated at 15 amp non-induc- 
tive. 120 volts, 60 cycles. Controller has 
liquid-filled system 


bellows thermal 


with remote bulb and is compensated | 
| for ambient temperature changes. Bulb 
| with 1 


deg F sensitivity has 
and length not 
in. Options available on special order 
include pilot light, toggle switch, ad- 
stops (to prevent 


vibration), 


diam exe eeding 2} 4 


pointer 
due to 
multi-circuit 


machine 
leaf switches for 
sequence control or potentiometer op- 
erated valves. R. A. Ekstrom Co., Box 
206, Harvey, Ill. 
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MAGNETIC 
INSTRUMENTATION 
AMPLIFIER 


Model 615 to give 
power gains of up to 20,000 in a single 


unit is designed 


stage, and is suited for amplifying low- 
level d-c signals from thermistors, re- 
thermometers, null detectors, 
and other low-level transducers. Mag- 
netic amplifier requires four watts of 
115-volt 60-cps May be 
nected for a-c or d-c outputs and de- 
livers from 0.3 to 7 watts. Amplifiers 
and 


sistance 


power. con- 


have three independent isolated 


signal windings; two are high-gain bal- 
anced for push-pull inputs; third is 
feedback winding. Models for 60 or 
100 cps presently offered. 


Acromag, 


ade dae 
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THREAD-CUTTING SCREWS 


The use of Thread-Cutting Screws 

means lower costs on the assembly 

line. Such savings, however, may 

be lost unless the right type of screw 

is selected, and unless the buyer is 

assured that the screws he gets are of 

uniform hardness with correctly- TYPE 23 
shaped threads and sharp cutting 

edges. For such assurance — 


buy from ELCO. 


NEW PLANT 


You are cordially invited to 
visit us in our new 

factory — 242,000 sq. ft. of 
busy and well-organized 
manufacturing capacity. 


ELCO tr 


1127 SAMUELSON ROAD, ROCKFORD, ILLINOIS 
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ASTRON 


GLASS 
TERMINAL 


INSULATING : 
ae 


SOLDER ———> 
ENCAPSULATION fam 


TANTALUM 


ANODE 
TINNED 


METAL 
CASE 


SOLDERABLE 


LEADS ——— oF 


SOLID 
TANTALUM 
CAPACITORS 


FEATURE 


lity 


Quality control to military 
standards under rigid testing 
conditions provides 
reliability for extreme 
environmental conditions. 


Astron solid tantalum 
capacitor production is 
regularly tested in accordance 
with MIL-STD-202A and 

other test standards. 


A complete line of capacitors 
is available which meet 

the requirements of 
MIL-C-21720 (Navy) and 
MIL-C-55057 (Sig. C.). 


Rugged construction 
withstands the strain of 
200 g acceleration and 
150 g shock tests. 
Operation from —80°C. to 
+125°C. 

Solid electrolyte cannot 
leak, even if the seal 

is broken. 

Subminiature size answers 
increasing needs for small, 
light weight electronic 
components. 

Wide variety of applications 
exists in missiles and 
aircraft and transistorized 
equipment of all types. 


FOR COMPLETE INFORMATION WRITE 
TODAY FOR BULLETIN E-675A AND FOR 
ASTRON'S DESIGN ENGINEER 


PUBLICATION, TECHNIQUES 


VOL. 59, NO. 2 


Circle 310 on Inquiry Card 
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Inc., 22519 Telegraph Rd., Southfield 
(Detroit). Michigan. 
Circle 538 on postcard at end of book 


METALLIZED MYLAR 
CAPACITORS 


Capacitors available in bathtub style 
AB and metal tubular style AM may 
be applied to applications including 
audio coupling, oscillator circuits, pow- 
er-supply filtering, power-factor cor- 


rection, integrating circuits, etc. Poly- 
ester-film dielectric advantages include 
self-healing characteristics, small size, 
low dielectric absorption and high re- 
sistance. Temperature range for oper- 
ating and storage, —90 to -+-125 C. 
Capacitance tolerances are 1, 2, 5, 10 
and 20 per cent. Plastic Capacitors, 
Inc., 2620 No. Clybourn Ave., Chicago 
14. 


Circle 539 on postcard at end of book 


MOTOR-DRIVEN 
METERING VALVE 


Hydraulic valve P/N 12001 is driven 
by motor which includes integral gear 
reduction. Motor sets valve to any 
throttling position. Combinations avail- 
able for full stroke actuation in times 
from seconds to over one minute. Po- 
tentiometers may be incorporated for 
feedback. Single-speed or two-speed 
motor requires 28 volts d-c at 15 watts, 
with 115-volt, 60- or 400-cycle units 
available. Valve is sliding-spool type 
which is stroked by threaded stem. 


(Continued on page 308) 
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TAKE ELECTRIC MOTORS OUT OF EXPENSIVE ENCLOSURES 


Once it was difficult to give motor and generator 
stator coils adequate insulation protection against 
corrosive atmospheres, dirt, and moisture — without 
total enclosure. Today, a silicone coil-insulating sys- 
tem opens the way to important savings by users of 
motors and generators. 

The new system was developed by a leading elec- 
trical manufacturer in cooperation with the UNION 
CARBIDE Silicones Man. A UNION CARBIDE silicone 
elastomer is applied, semicured, around stator coil 
conductors, and vulcanized into an impervious di- 
electric barrier, uniformly sealed without breaks or 
joints, 

Its qualities: Exceptional service life, flexibility, 
thermal stability to 200 deg. C., vibration resistance, 
as well as resistance to chemicals, corona, are, fire, 
moisture and oil. 


The term “Union Carbide” is a registered trade-mark of UCC, 
In Canada: Bakelite Company, Division of 
Union Carbide Canada Limited, Toronto 7, Ontario 


In a typical case, stator coils of an unenclosed, 
Class B, 150 hp, 2300-volt induction motor driving a 
coal pulverizer and exhauster fan, failed in six weeks. 
When rewound by the new silicone system, it looked 
and still worked like new after four years of virtu- 
ally round-the-clock operation. 

It’s another example of how the UNION CARBIDE 
Silicones Man helps solve tough problems. For help 
with yours, write Dept. DE-9902, Silicones Division, 
Union Carbide Corporation, 30 East 42nd Street, 


New York 17, N.Y. 


fey \-izjiej= SILICONES 
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HERMACH-ENGELHARD multi-range transfer volt- 
ammeter with 0.05% accuracy through ean 


AND 


a frequency range d-c to 50,000 cps. é se 


This multi-range instrument satisfies the exacting calibration 
requirements over a wide range of currents and voltages. 
High accuracy is attained without use of correction factors. 
The functional design of this transfer standard, employing 
the null principle, provides operation sufficiently simple for 
non-technical operators. Results are read on the external d-c 
potentiometer in a conventional way and multiplied by Send for 
convenient round numbers to give measured current or volt- | complete literature. 
age to 0.05%, without correction, continuously over the fre- 
quency spectrum from d-c to 50,000 cps. To achieve the ac- 
curacy which the Hermach-Engelhard Transfer Volt-Ammeter 
provides across the whole audio frequency range, a whole 
battery of the usual measuring devices would be needed. 
To provide efficient adaptability to various conditions of 
application, several models can be obtained. They are port- 
able, simple and economical to maintain. 


INSTRUMENTS AND SYSTEMS DIVISION «+ 850 PASSAIC AVENUE 
EAST NEWARK, N. J. 
Circle 312 on Inquiry Card 


a complete range of brush materials ———— 


CONTACT 
DIVISION 


for printed circuit applications. 


iinet: 


Because the correct choice of contact materials for use on 
printed circuits is wholly dependent upon such factors as 
type of circuit, circuit function and mechanical design, the 
final selection of materials is generally obtained on an em- 
pirical basis. 

Baker engineers and metallurgists are prepared to offer 
very broad, specialized experience, together with extensive 
records of performance data that can be extremely useful 
to you. They will be pleased to assist in resolving your par- 
ticular problems in this field. 

Baker-developed alloys and powdered metal products 
meet the full range of brush material requirements for 
printed circuit applications. Complete facilities are avail- 
able here for reliable design and manufacture. Send for 
literature. 


BAKER CONTACT DIVISION « 207 GRANT AVE., E. NEWARK 
HARRISON P. O., N. J. 
Circle 313 on Inquiry Card 


DOMESTIC DIVISIONS: AMERICAN PLATINUM @ SILVER DIVISION « AMERSIL QUARTZ DIVISION + BAKER CONTACT DIVISION + BAKER DENTAL DIVISION 
* BAKER SETTING DIVISION + BAKER PLATINUM DIVISION « CHEMICAL DIVISION «+ EAST NEWARK INDUSTRIAL CENTER « HANOVIA LAMP DIVISION « 
HANOVIA LIQUID GOLD DIVISION « INDUSTRIAL DIAMOND DIVISION « INSTRUMENTS AND SYSTEMS DIVISION «+ IRVINGTON-BAKER REFINING DIVISION « 
D £ MAKEPEACE DIVISION «© NATIONAL ELECTRIC INSTRUMENT DIVISION « RESEARCH AND DEVELOPMENT DIVISION «+ H a WILSON DIVISION 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE - ENGELHARD PROCEDURES RECOVER 
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AMERICAN 


sg a simplified mirror-bright silver 
si q plating process for electrical 
\ j and electronic components 


vw 


DIVISION ) Z 


Here is the most efficient, simple procedure to protect elec- 
trical electronic and lamp components with a mirror-bright 
silver finish—through a complete range from flash to heavy 
deposit. The procedure is easy, economical and non-critical 
—with little or no polishing required. Silva-Brite is a clear, 
water-white solution, enabling the operator to observe work 
as it is being plated. Uniformly good results are attained 
with current densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature operation minimizes 
fumes and tendency toward bath decomposition. Send for 
descriptive data together with detailed plating procedures. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J. 
Circle 314 on Ing 
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CHEMICAL 
DIVISION 


for low cost 
purification and drying of 
hydrogen and other gases 


The Deoxo Catalytic Purifier is combined with an extremely 
efficient automatically operated drying unit to provide 
oxygen-free hydrogen that is ideally pure and dry. The 
combined units are identified as the Deoxo Dual Puridryer. 
It supplies hydrogen with less than one part oxygen per 
million — dried to a dew point of —100°F. No inert gas 
purging is needed. The Deoxo Dual Puridryer can also be 
used with other gases such as: Nitrogen, Argon, Helium and 
saturated hydrocarbons, with equally fine performance. 
Write for descriptive literature. 


CHEMICAL DIVISION © 113 ASTOR STREET 
NEWARK, N. J. 
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For custom wiring 
enclosures... 


It pays to get figures from 


KEYSTONE 


Whatever type of custom wiring enclosure you need—Keystone now 
has a complete design-and-build service with facilities to produce 
special boxes, cabinets and enclosures . . . to meet your exact require- 
ments! All carefully manufactured from any desired material in all 
types, shapes and sizes. Send your blueprints or sketches outlining 
your specifications today—you’ll receive a quotation promptly! 


KEYSTONE MANUFACTURING CO. 


23334 Sherwood Avenue ° Warren, Michigan 
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Pressure, 3000 psi. United Hydraulics, 
Inc., 110 Terrell Ct., Dayton 7, Ohio. 
Circle 540 on postcard at end of book 


MINIATURE CLUTCHES 
AND BRAKES 


Series 6 and 8 components feature zero 
backlash, zero endplay, and elimination 
of slip rings. Clutching and braking 
accomplished without angular displace- 


ment or axial motion. Ball bearings 
are ABEC 5 or better. Clutches and 
brakes meet and exceed applicable re- 
quirements of MIL-E-005272, MIL-E- 
5400, MIL-STD-202, MIL-E-4158 and 
MIL-E-8189. Clutch-brake illustrated 
has 1.2-watt power consumption; input 
inertia, 0.0025 oz-in.*; output inertia, 
0.0019 oz-in.; output torque, 2 oz- 
in. min; engagement time, 3 millisec 
max. Guidance Controls Corp., 110 
Duffy Ave., Hicksville, L.I., N. Y. 
Circle 541 on postcard at end of book 


OVERLOAD RELAYS 


Series consists of single (R3H), dou- 
ble (R6H), and triple (R9H) pole, 
double-throw relays with snap-action 
switches. R3H operates at 200-mw 
power level; power requirements are 
proportionally higher for others. Coil 
resistances available to 10,000 ohms. 
Contact rating, 5 amp at 250 volts a-c 
or 4 amp at 26.5 volts d-c. Tempera- 
ture range, —55 to +125 C. With- 
stands 50-g shock, 10-g vibration to 
1000 cps. Hermetically sealed case is 
154 x 27/64 x 2 in. high. E. V. Naybor 
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Porter Vinyl Tape has been tested to meet the tough 
Westinghouse specification for use in new refrigerator- 


® freezer combinations, and has received unqualified 
Cz VINYL TAPE approval on every point. 


Westinghouse rated tapes on the following points: 
Breaking strength « Adhesion * Low- and high- 
temperature properties * Staining « Moisture-resist- 
ance ¢ Elongation « Odor « Dielectric strength « 
Effect on polystyrene—and Porter met the spec’s 
on every count! 


Special new winding and slitting techniques keep 
2g: | Porter Vinyl Tape from telescoping on the roll, and 
U n q ula I ifi ed approval help save space in tight spots where compact winding 


is essential. Another feature is its self-extinguishing 


s 
by Westinghouse property—it will not support combustion. 
2 . 2.8 8 Get complete information by writing Thermoid 
Refrigeration Division! Division, H. K. Porter Company, Inc., Tacony & 


Comly Sts., Philadelphia 24, Pa. 


THERMOID DIVISION 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and pipe fittings, roll formings and stampings, wire rope and strand 
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“12 to 15 times 
longer die life’ 


CTD PRECISION CARBIDE DIES SPEED OUTPUT 
OF “FRANCEFORMER” 
LAMINATIONS 


Check the transformer on 
the next neon sign you 
see, and chances are it'll 
read “Franceformer’— 
trade mark of the France 
Mfg. Co. of Cleveland, O. This aggressive company 
supplies leading jobbers of neon signs throughout 
the country. For high-speed lamination produc- 
tion, France chooses CTD precision tungsten carbide 
dies. “CTD dies give us continuous production with 
far less downtime”, says Emil Olds, plant manager. 
“We get 12 to 15 times 
the die life at only 3 
times the previous cost.” 


YS 


Another example 

of the important 
production efficiency 
made possible by CTD 
precision craftsmanship 


_ means 
(Ceveians Too and ie precision... 


Dies, Jigs, Fixtures and Special Purpose Tooling 


Send for 
brochure 


orseernte | Cleveland Tool and Die Co. 


and 


eaee 30510 Lakeland + Willowick, Ohio 
FREE! 
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Laboratories, Inc., Port Washington, 
N. Y. 
Circle 542 on postcard at end of book 


SINUSOIDAL 
POTENTIOMETERS 


Precision potentiometers, for military 
and industrial computing and control 
systems, are available as low-torque, 
ball-bearing, servo-mount PVR series 
for servo control applications, and as 
high-torque, sleeve-bearing TP series 
(illustrated) for panel controls. Diam- 


Tru lL. 


eters range from 7% to 3 in. and re- 
sistance values from 1 k to 50 k ohms. 
Dual wipers phased 90-deg apart and 
separate slip rings provided in all 
standard units in order to produce 
both sine and cosine simultaneously. 
Sections of adjustable phasing can be 
ganged together on common. shaft. 
Multisection ganged units can be pro- 
vided, combining sinusoidal, linear, 
and general non-linear sections to- 
gether with switches, clutches, ete. 
Technology Instrument Corp., Main St., 
Acton, Mass. 

Circle 543 on postcard at end of book 


DIGITAL ENCODER 


Shaft-position digital encoder EP-13B 
with 13-bit binary output employs a 
non-contacting magnetic readout. Only 
bearings and gears affect life. Opera- 
tion at speeds to 10,000 rpm, with any 
number of readouts, is possible. Only 
passive circuitry involved in readout. 
Parallel output is in binary code and 
total count is reached with 64 turns of 
input shaft. Lead-lag head arrange- 
ments permit minimum external deci- 
sion circuitry. Applications include 
machine-tool controls, other industrial 
controls and data loggers. Applied Sci- 
ence Corp. of Princeton, Box 44, 
Princeton, N. J. 


Circle 544 on postcard at end of book 


(Continued on page 312) 
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MOTORS 


1/200 thru 1 horsepower 


(other ratings up to 200 h.p.) 


. Easy access terminal box 


. DuPont Mylar* slot 
cell insulation 


. Lightweight, die-cast 
aluminum end heads 


. Dependable, silent 
ol Tah dahil 4-1 ldo 


. Precision die-cast 
aluminum rotor 


. Choice of sleeve or 
fully sealed ball bearings 


aera) 
rigid steel shell 


. Choice of rigid, 
a-tTii (la) mel am ecle-mralel lala ial 4-3 


R & M Fractional Horsepower Motors are packed 
with Competitive Advantages for your product! 


RosBins & Myers “Model R” fractional HP motors, avail- 
able in NEMA frames 56 and 48, are engineered and 
manufactured to give your product every possible com- 
petitive advantage so far as power is concerned. Each 
design detail results in superior performance and long 
trouble-free life, even under the severest operating condi- 
tions. They are smaller due to a more efficient ventilating 
system and lighter because of new applications of aluminum, 
steel and copper. 

You have wider design versatility too, because they are 
available off-the-shelf in a broad choice of bearings, mount- 
ings, ratings, speeds and electrical characteristics. 

These up-to-date design features, coupled with careful 
quality control at each manufacturing step, give you a 
modern motor you can rely on for all your powering needs. 
Also, if your needs indicate a custom designed motor Rob- 
bins & Myers welcomes the opportunity to discuss your 
quantity requirements. 

Learn all about the many advantages R&M motors offer 
you by writing today for Bulletin 450 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 


' 


¥ 
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ommutators 


SEND 
YOUR PRINTS 
FOR QUOTATION 


AND MANUFACTURING COMPANY 


FLASTICS 


for Electrical Applications 


123 Rotary Drive 
GURNEE, ILLINOIS 


Circle 320 on Inquiry Card 


LOW-RESISTANCE 
THERMISTOR 


Type 05A8 bead thermistor, for use in 
liquid nitrogen temperature ranges, 
has a resistance of 100,000 ohms + 50 


-195.8 C. Time constant, 
less than 1 sec; temperature coefficient 
at —195.8 C, —20 per cent/deg C. 
Victory Engineering Corp., 517 Spring- 
field Rd., Union, N. J. 

Circle 545 on postcard at end of book 


per cent at 


FOUR-POLE RELAY 


Type AR 4PDT ecrystal-can relay with 
2-amp contacts is available in mount- 
ing shown and with leads or plug-in 


Relay meets MIL 


a 


style. requirements 


| 


a 
W50000000040 


eetete 


a ' 


> 


> amare inane 
me 


for 125 C and 2000 eps environments. 
Gold-plated alloy 
dry or wet circuit applications. 
illustrated has 26.5-volt d-c coil. 
son Corp., 41 S. Jefferson Rd., 
pany, N. J. 

Circle 546 on postcard at end of book 


contacts for 
Relay 
Bran- 
Whip- 


silver 


DIGITAL READOUT 


Miniature in-line, in-plane _ digital 
readout has a life expectancy in excess 
of 60,000 hr at 5.5 volts. Model SGS- 
106 character size is 5/16 x 1/2 in. 
Segment illuminators are incandescent 
lamps. Inputs, 11 (common and 0 thru 
9); operating voltage, 4.5 to 6 volts 


Hermetic 


‘Seal Corp. 


Glass-to-Metal 
and 
Ceramic-to-Metal 
Seals 

for 

Electronic Use! 


my Crystal Bases 


S Vac-Tite Connectors 


<) Multiple Headers 
a Diode Closures 


Oo “< Transistor Stems 
Ay A> Single Lead Terminals 


Refrigerant Seals 


Hermetic Seal Corporation is your prime source for 
seals in all sizes, terminations and shapes to fit 
your specifications. Hermetic is the pioneer in this 
specialized field and the originator of more than 
10,000 different seals. Precision quality-control 
from design, manufacture and precious metal 
plating is assured 


FREE LITERATURE 
AVAILABLE 


HERMETIC SEAL CORP. 


43 River Road, North Arlington, N. J. 
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Truarc rings and dispenser speed staple gun assembly 60% 


This big production increase was made by Swingline, Inc., 
Long Island City, N. Y. in assembling the handle lock of their 
high-compression staple gun. 

To speed production, the Truare Prong-Lock® Series 5139 
retaining rings come pre-stacked for use on the Truarc dis- 
penser (shown in foreground of photo above). Application is 
simple, fast and requires no skill. The operator, using the 
Truarc applicator, grasps the bottom ring, removes it from 
the stack, and installs it, quickly and easily, in the staple 
gun assembly. 

The Truare ring replaced an ordinary flat “C” washer, 
previously used in this application. While the unit cost of the 
washer was lower than that of the Truarc retaining ring, the use 
of the rings resulted in assembled cost savings of $25.00 per thou- 
sand staple guns. The reasons: a 60% increase in production 
due to faster, easier assembly with Truarc tools, and the 
elimination of time-consuming, costly adjustments made pos- 
sible by Truarc rings. What’s more, the bowed Prong-Lock 
ring improved product design by providing resilient end-play 
take-up... eliminating looseness or binding in the parts. 


Truare retaining rings come in 50 functionally different 
types...as many as 97 different sizes within a type... 6 
metal specifications and 13 finishes. Truare assembly tools, 
pliers, applicators, dispensers and grooving tools are avail- 
able to speed production of virtually every kind of product. 
Make sure you have on file the new 16-page Waldes Truarc 
Assembly Tool Catalog No. AT 10-58. Write for your copy 
today. And remember Waldes engineers are always ready to 
help you solve your special application problems. Waldes 
Kohinoor Inc., 47-16 Austel Place, Long Island City 1, N. Y. 


©1959 WALDES KOHINOOR, INC. 9.2 


_. WALDES 


‘-TRUARC 


RETAINING RINGS 


Waides Kohinoor inc., Long isiand City 1, N.Y. 


TRUARC RETAINING RINGS... THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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MODEL B 

1/80 H.P. to 1/35 H.P. 
4-pole, 4-coil shaded pole 
AC induction type 


... for a standard line of motors 
adaptable to hundreds 
of applications 


YOU CAN ALWAYS 
MODEL A 


1/500 H.P. to 
1/45 H.P. 2-pole 
shaded pole 
AC induction type 


| Jas Fractional H. P. Motors 


General Industries’ standard line of motors 


MODEL H is adaptable, with slight variations, to 


L/S UP. Beale literally thousands of applications. This 


ps tee means that your motor requirements can 
most likely be met without additional time- 

consuming engineering. 
If you are currently using fractional horse- 
power motors, or are planning a product 
MODEL © that calls for their use, phone or write 
1/45 H.P. 4-pole, General Industries. We’ll gladly make 


4-coil shaded pole . . . ° 
AC induction type recommendations — without obligation. 


Write today for catalog sheet and quantity-price quotations. 


ea UR a 


ELYRIA, OHIO 
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a-c or d-c; power requirements, 2 watts 
max at 5 volts. Electronic Equipment 
Div., I.D.E.A., Inc., 7900 Pendleton 
Pike, Indianapolis 26, Ind. 

Circle 547 on postcard at end of book 


ANALOG-DIGITAL 
CONVERTER 


Miniature analog-to-digital converter 
package Type 18-1077 can be inte- 
grated directly to Size 15 transducers. 
Unit is typically used in systems of 
fire control and other military and in- 
dustrial computer-controlled systems 


of automation, processing and _pro- 
gramming. Converter has _ 1.437-in. 
diam housing and is 1 15/16 in. long. 
One hundred revolutions of input shaft 
required to complete entire code from 
0 to 999 or from —O to —000. Angular 
bit length, 18 deg; accuracy, within 
1% bit at any point in range. Rated 
input speed, 400 rpm max; life, 1 
million revolutions or 1000 hr of nor- 
mal operation. Courter Products Div., 
Model Engineering and Mfg., Inc., 
Boyne City, Mich. 

Circle 548 on postcard at end of book 


PANEL-MOUNTED FANS 


Model 1PB95W fans deliver 550 cfm 
at a low decibel rating. Fans for use 
in electronic racks are powered by con- 
tinuous-duty totally enclosed 115-volt, 
60-cps, single-phase, shaded-pole mo- 
tor. Ball bearings meet Specification 
FF-B-171 and lubrication meets MIL- 
G-3278 with temperature range of 
—68 to -++-93 C. Motor has stainless 
steel shaft, is corrosive-resistant and 
fungus-protected. Motor and propeller 
are vibration isolated. All hardware is 
stainless steel or cadmium plated. Mc- 


ELECTRICAL MANUFACTURING 





pelt ha 4 


te 
RHEOSTAT 

YOU CAN 
STAKE YOUR 
REPUTATION ON 


el OMT Las 


300 watt 


From 25 to 300 watts these VITROHM ring rheostats 
are engineered for longest life, maximum reliability 


To be sure about smooth, trouble-free 
control in the 25- to 300- watt range— 
just specify a VITROHM rheostat. 

You get smooth control: Close-laid 
turns (A) of special high-stability, low- 
temperature-coefficient wire or ribbon to 
insure smooth gradual resistance change 
from zero to maximum. 

You get reliability: VITROHM ring 
rheostats are engineered for permanence 
from highest-grade ceramic base and 
core (B), durably bonded, tinned-alloy 
terminals (C), to final craze-proof, shock 
resistant, long-lasting VITROHM bond- 
ing (D). 


You get positive action: Self-lubricat- 
ing twin-shoe contacts—exclusive with 
W/L-—on balanced beryillium copper con- 
tact arm (E) eliminate backlash, con- 
tribute to smooth operation, minimize 
wear on resistance wire (A), assure 
positive contact to collector ring (F). 

You get many more features than we 
can detail here. Check them all in W/L 
Bulletin 60RR (and, above 300 watts, 
check “plate rheostats” in Bulletin 60A). 
Either bulletin, yours for the asking. 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N.Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) 9.6 


100 watt 


~) 
‘Tt’ LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER...E/ectrically 
BR crale-[E nyincored Contiols Since 1892 


AiO'Si 


RESISTORS i nneostatst RELAYS | CONTROLS} DIMMERS 


Write for list of stocking distributors. 
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TYPICAL 
CAVITY 


-250D1A-4 9005 

186 DIA-+ coos 

062 DIA-+ .9005 
T.1.R. .0005 


-0O625 + 0005 
-156 + 0005S 
r—- 1875+ .0005 
-281+ .0005 


—— 


Redon 


d y 4 
Goff 4 | .375+.001 
VYAAZ TT 


tr 


UNBELIEVABLY CLOSE TOLERANCES 


on graphite jigs and fixtures 
... but Speer can hold them! 


Here are a few examples— 

Concentricity of drill holes to .0O00O5 T.!I.R. 
Drilled holes as small as .0O5 held to + .0005 
Depth of holes held to + .0O005 

Oblong or “pork-chop" type cavities—liength and 
width held to + .OO1, depth held to + .0O00s 


Combine Speer’s superb machining skill with the wonders of Speer 
Graphite itself and you have the perfect solution to many high-temperature 
problems. Graphite actually gets stronger as it gets hotter . .. does not 
warp... will not split or break down under severe thermal shock. It is 
chemically inert and is not wet by molten metal or glass. Speer Graphite 
is the ideal material for many high-heat applications, such as transistor 
jigs, fusing positioners, honeycomb jigs, furnace fixtures, brazing jigs, 
glass-to-metal seals. 

BRING YOUR PROBLEMS TO SPEER! Years of experience in solving 
tough high-temperature forming and positioning problems with graphite, 
plus Speer’s unusual fabricating skill, provide hundreds of answers for the 
aircraft, electronics and powdered metals industries. Use THE Coupon... 
and get full information relating to your particular application problem. 


O PEER ie? men 


TELL ME MORE about Speer Graphite Jigs or Fixtures. This is my 





application: 





Name 


Company 





Address ‘ 
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Lean Engineering Laboratories, Box 
228, Princeton, N. J. 


Circle 549 on postcard at end of book 


INCANDESCENT 
DIGITAL DISPLAY 


Miniature readout LD-11 displays the 
digits zero through nine on a common 
1 x 1 in. area and presents high-den- 
sity white-on-black (or black-on-white 


numerals. Special units can display up 


to ten messages in same | sq in. view- 
ing area. No projection lenses used. 
Behind-panel depth, 3 in. Bulbs design- 
ed for operation from 2 1/2, 6, 12 or 
28 volts. Burroughs Corp., Electronic 
Tube Div., Box 1226, Plainfield, N. J. 
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PLUG-IN ENCLOSED RELAYS 

Plug-in relays have a clear polystyrene 
enclosure with either 8- or 11-pin base. 
Size, 1 7/16 square by 2 1/16 in. high. 
Available in four relay types: GMP, 1 
to 3 poles, a-c or d-c, 5-amp contacts; 


GMSP, 1 to 3 poles a-c or d-c, 8-amp 
contacts; PGP, 1 to 3 poles, d-c, coil 
resistance to 10,000 ohms, sensitivity 
130 mw per pole; PVP, 1 pole, coil 
resistance to 10,000 ohms, sensitivity 
70 mw. Hillburn Electronics Products 
Co., 55 Nassau Ave., Brooklyn 22, 
MN. As 
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PLUG-IN MODULES AND 
SYSTEM ASSEMBLIES 


Standard solid-state module package is 
a 3 x 4 printed-circuit board designed 
to plug into a standard printed-circuit 
connector having 2 to 15 contacts. 
Board is developed from 1/16-in. thick 
copper-clad glass-fiber board. Systems 
available include audio preamplifiers, 
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For ALNICO MAGNETS—Stock or Special 
Specify “ARNOLD” 


VAlaterials 


Cast Alnico Magnets are most 
commonly made in Alnico V, VI or 
III. Sintered Alnico Magnets us- 
ually are made in Alnico II, V or 
VI. Special permanent magnet ma- 
terials suplied by Arnold include 
Vicalloy and Arnox III and V, 


Engineering Data 


Write for your copy of Bulletin 
GC-106C, a general catalog of all 
Arnold products. It contains useful 
data on the physical and magnetic 
properties of Alnico magnets. Lists 
stock items and standard toler- 
ances for cast and sintered mag- 
nets—also stock sizes and pertinent 
data on tape cores, powder cores, 
C & E cut cores, etc. 


ADDRESS DEPT. EM-4 


APRIL 1960 


oe best bet for a source of Alnico 
permanent magnets and assemblies is 
Arnold—producer of the most complete 
line of magnetic materials in the industry. 
We can supply your need for any size, 
shape, or type of Alnico magnet. Weights 
range from small sintered parts weighing 
less than a gram to large castings of 80 
lbs. or more. 

Special assemblies such as rotors, travel- 
ing wave tube and magnetron magnets, 
etc., may be supplied aluminum-jacketed 
for easy mounting and added protection 
of the magnet—and magnetized and sta- 
bilized as desired. Large magnet assemblies 


may also be supplied for mass spectrometer 
and other measuring applications, where a 
high degree of stability and uniformity of 
field is required. 

For your convenience, we carry a wide 
range of the more popular sizes and types 
of Alnico magnets in stock for immediate 
shipment. Unsurpassed plant facilities 
assure quick delivery of all special orders. 

@ Let us handle your permanent magnet 
requirements, or any tape core, powder 
core or other magnetic material specifica- 
tion you may have. Get in touch with 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Ill. 


7eI13R 


wARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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MOST 
MODERN 
OSCILLOSCOPE COMMERCIALLY 
AVAILABLE 


The first oscilloscope 
with digital and printed 
ReadOut, and versatility 
exceeding all other com- 
mercial models. 


DC to 35 mc—useful to 60 me Largest useful viewing area—5 x 10 cm. 
Accurately repeatable measurements— 
even by untrained personnel 

Direct reading digital ReadOut of 
measurements 

Analog to digital converter—external 
recorders of all types @ No tube selection required 


Modular construction—replaceable 
modules 


Two plug-ins used simultaneously 
@ Electronic switches in X, Y and Z axis 


The Du Mont 425 high-frequency oscilloscope will outperform any scope 
in its class. A large selection of functional plug-ins—two being used simultaneously 
helps it to defy obsolescence. Add to this such features as joystick control of 
traces, a unique 2-dot method of measurement, plus all the features highlighted 


above—and you have versatility extended to infinity. The more you know about 


~« $275 00 


(without plug-ins) 


scopes—the more you'll want the 425 by Du Mont. 


pu Monr’ 3 
ELECTRONIC TUBES/INDUSTRIAL TV/MILITARY ELECTRONICS/MOBILE 
COMMUNICATIONS/SCIENTIFIC INSTRUMENTS/AUTOMOTIVE TEST EQUIPMENT 


precision electronics is our business 


ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N. J., U.S. A. 
INTERNATIONAL DIVISION * 515 MADISON AVENUE, NEW YORK 22, N Y © CABLES. ALBEEDU, NEW YORK 
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muted noise amplifiers, monostable, 
astable, bistable multivibrators and 
trigger circuits, logic circuits and emit- 
ter follower amplifiers. Solar Manufac- 
turing Corp., 4553 Seville Ave., Los 
Angeles 58, Calif. 

Circle 552 on postcard at end of book 


RECESSED ENCLOSURE 
HANDLE 


Satin-finished handle MS-115 for cabi- 
nets and drawers may be equipped 
with single latch for one-point anchor- 


age or double rod latches to secure 
top and bottom or two sides of equip- 
ment. Stem, bail, stud and spacer are 
stainless steel. Handle is recessed in 
cup 9/16 deep by 2%4 in. ID. Overall 
depth of assembly from front of panel 
is 114% in. Western Devices, Inc., 600 
W. Florence Ave., Inglewood 1, Calif. 

Circle 553 on postcard at end of book 


60-CYCLE 
MOTOR GENERATOR 


V846-001 motor generator is intended 
for industrial control systems in appli- 
cations such as remote control of 
weighing operations, indication of wa- 
ter levels and gate or valve positions, 
indication of temperature, and ma- 


chine tool operations. Mechanical 


tr 
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W YOU CAN 
YQ ELD we’ 


/'\\\> : 

Stranded electrical wires 
are now being successfully o-oo 
welded to terminals and con- Produced in stetp form end 
nectors by the new ETCO supplied on disposable reels 
Crimpweld method. Wire 
strands are covered with a 
sheathing of the base metal 
to prevent exposure to corro- 


sion, flexing and crystalliza- 4 Fe =: | VS a DOUBLE-POLE 


tion — yet, weld is clearly : 
visible. No destruction of wire : : DOUBLE -THROW 
insulation — no indention or ) ry v 

abrading of wire. 

Copper strands and cop- 
per terminals are bonded as 
one. No addition metals 
used. Send for literature. 
See why suppliers to the - if 
automotive and appliance fields are changing to the ultra- OW COS 
new ETCO welding method 


Also, a full line of wenderd terminals, blades and con- SE] pre CY 


nectors. Catalog available when requested on company 


letterhead STH ae 


ELECTRIC TERMINAL CORP. 
Warwick a ee 5, R. |. Ve 
| , THE DA\SERIES DEVICES 


| of UNIMAXK low-tost 
| snap-acting switches 
simplified design 
and cuts dosts by ganging 
two snap mechanism 
in one compact case 
for operation by the sama button. 


Separate electric elements 
provide for doyble-pole double-throw 
or two single-pale single-throwcircuits. 


Electrical ratings 
15 amp 125/25Qvolts a-c 
4 HP 125 v. a-c 
1 HP 250 v. a-c, 0 
¥% HP 125 v. a-c 
144 HP 250 v. a-c 


CRIMPWELD machine crimps 
and welds instantaneously 





Write for 


CLAMP WIRE BUNDLES IN SECONDS! a 


actuator styles 
Just place wire bundle inside “U} push keeper down snugly, and this and 
light-weight clamp is securely locked to withstand loadings greater characteristics 
than 50 G’s! A Cab-L-Tite* clamp securing 58,000 mils weighs only 
0.016 0z.: 8,570,000 mils, 0.832 oz. Proved in aircraft and missiles, 
Cab-L-Tite* is made of tough DuPont zytel, which meets MIL-P- 


17091. Removable in seconds for rerouting wires. Write for free 
literature. Manufacturer of Bund-L-Tite straps. G 


DAKOTA ENGINEERING, INC. IVES ROAD, WALLINGFORD, CONNECTICUT 
4315 Sepulveda Blvd., Culver City, California *Trade Mark 
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Naw stAnvard LINE OF RELIABILITY ENGINEERED 


STATIC 
INVERTERS 


FOR AIRCRAFT, MISSILE, AND SPACE VEHICLE APPLICATIONS 


Model 
SIS 310242 


DC-AC Inverter 
1300VA, 
115/208 Volt 30 


Inputs Nom. 28VDC Outputs Nom. 115V 400cps 1 or 3 
Power Ratings from 30VA to 1500VA 
Space / Weight Designed To Yield Maximum Power Output 
feet el ia Ul eee 


FEATURES 
@ VOLTAGE REGULATED 
@ PHASE LOCKED CIRCUITRY 
@ REVERSE VOLTAGE PROTECTION 


@ PRECISION FREQUENCY 
@ OVERLOAD PROTECTION 
@ EXCELLENT WAVEFORM 


POWER 
RATING 


SIS-40311 series | 30 VA le 
SIS-40511 series | 50 VA le 
| 


OUTPUT OUTPUT 
VOLTAGE /|FREQUENCY | 


115 VAC | 400cps | 


adjustable + Ol to 
10% 05% 


| 80 VA lo 115 VAC | 400 cps 


| + 5V + 1% 


MODEL SPECIAL FEATURES 

Precision frequency, excellent waveform, 
voltage regulated 1% for line, + 2% 
load 


| Wide range stabilization, input 18-30 VDC, 
Voltage regulated 11% no load to full 
load 


S!S-408042 series 


| 100 VA le 
SIS-425041 series | 250VA lo] + 5% 


S!IS-410042 series 115 VAC | 400 cps 
+ 1% LC. | 


| Magnetic Amplifier voltage regulated. Rap 
osc. tune- | 


id on-off switching no transients high effi 
ciency 


S!IS-3-425042 series 
SIS-3-450022 series 


250 VA 30 
500 VA 30 


Regulates to + 2% with simultaneous vari 
| ation of zero to full load, and line 25 volts 
|} to 29 volts 


208/115V 
or 115/66.5 
volts 


S!IS-3-47512 series 750 VA 30 Extreme frequency accuracy. Phase lock 


| circuitry. Magnetic voltage regulator 








SIS-3-40613 series Short circuit protected, reverse voltage pro 
tection, high temp., + 100 °C. Voltage reg- 


ulated 





MAGNETIC AMPLIFIERS, INC. 


@32 TINTON AVENUE 136-140 KANSAS STREET 
NEW YORK SS. N.Y. EL SEGUNDO, CALIFORNIA 
CYPRESS 2-6610 OREGON 86-2665 
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characteristics include rotor moment of 
inertia, 5.73 gm-cm?; no-load speed, 
2900 rpm min; stall torque, 3 in.-oz. 
Kearfott Co., Inc., Little Falls, N. J. 

Circle 554 on postcard at end of book 


CORE-MOUNTING DEVICE 


Mounts. will accommodate 1600 differ- 
ent “U” and “E” 
12 different strip widths available in 
various adjustable lengths. Mount pro- 


core sizes. There are 


Bx, 
Dm» a w 


vides means of mounting several cores 
on one strip, including lengthwise or 
widthwise mounting of “U” 
terial is steel or aluminum. Coremount, 
704 W. Slauson Ave., Los Angeles 44, 
Calif. 


cores. Ma- 
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HIGH-GAIN DUAL TRIODE 
The ECC88/6DJ8 


grid construction is available for in- 
strumentation, industrial controls, and 
other applications. Transconductance, 


triode with frame- 


12,500 wmho; equivalent noise resist- 
ance, 300 ohms; amplification factor, 
33. Frame grid illustrated to left of 
tube. CBS Electronics, Information 
Services, 100 Endicott St., Danvers, 
Mass. 
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DELAY LINE 


Type L748C delay line features 32 
equally spaced taps and 0.7-db inser- 
tion loss. Lumped parameter network 
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2.2»: made more useful 
by MACALLEN 


Mica’s inhefently high dielectric strength is made available in the widest 
variety of shapes, sizes, and thicknesses by MACALLEN. This complete 
selection is a logical result of MACALLEN’s more than 60 years of 
close cooperation with the electrical industry . . . helping in the solution 
of insulation problems of every type. You'll find the best, most economi- 
cal solution to your insulating problem in our Catalog 25. Send for 


~~ MACANLEN 
moe 


e ALL FORMS e ALL QUANTITIES 
e ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Road, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 
CLEVELAND: 1231 Superior Ave. 
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NEW INSULATION DISCOVERY 


SHRINKS wits HEAT! 


SLIPS ON 
LOOSE... 


Cover... protect... insulate in minutes with 


SCOTCH TJITE 


HEAT REACTIVE TUBING 


Now you can add a tough, smooth, seamless vinyl coat to wires, 
rods, tubes, even odd shapes with “‘ScotcuTiTe” Heat Reactive 
Tubing. Just slip “Scotcutite”’ Tubing over object to be covered 
—apply heat—and almost immediately the tubing contracts to 
form a skin-tight insulating cover. Harness cables, ground straps, 
bus bars, high voltage leads, and tool handles are just a few of the 
many possible applications. Available in sizes ranging from 3/64 
up to 514 inch diameter. 

What can you do with ““Scotcutite”’? Send for free sample and 
complete information. Write Irvington Division, 3M Company, 
900 Bush Avenue, St. Paul 6, Minnesota, Dept. EBK-40. 


ar STERE RADEMARK OF 3m 
exe 99 PARK AVE., NEW YORK 16, CANADA: LONDON, C 


Mitanesora Miiaine ano ]ffanuracturine company EX 
-.»» WHERE RESEARCH IS THE KEY TO TOMORROW = 
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25 years of 
Parts shown 2/3 actual size progress in 
tiny parts 


o°] BRAND NEW! 


GRC GUIDE BOOK for 
(SMALL GEAR USERS 


Full Specs for Hundreds of Combinations of One- 
Piece Die Cast Zinc Alloy—spur gears, gear clus- 
ters, pinions, cup gears—with hubs, shafts, spacers 
or special features—at little or NO tool cost. 


If you use small gears and pinions it will pay you to 
keep this valuable guide book at your fingertips. It 
shows parts made by GRC's interchangeable unit die 
system and exclusive single cavity casting techniques; 
new design flexibility, new assembly shortcuts—reduced 
production and material costs. Maximum sizes: 154," 
O.D. by “%4e" face width—wider faces with smaller 
diameters. 


Send TODAY for 
your GRC Guide Book. & 
& 


_GRIES REPRODUCER CORP. 


ali : World's Foremost Producer of Smali Die Castings 
149 Beechwood Ave., New Rochelle, N.Y. ¢ NEw Rochelle 3-8600 
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total delay, 6.5 psec +0.5 per cent; 
rise time, 0.135 sec; impedance, 
470 ohms; temperature coefficient of 
delay, 25 ppm/deg C; size, 6 x 3 x 3 
in., approx. Columbia Technical Corp., 
61-02 Thirty-first Ave., Woodside 77, 
Ms Me 
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INSULATED SOLDERLESS 
TERMINALS 


“Avikrimp” color-coded terminals are 
offered in spade, rectangular, hook, 


Plated Bross Sleeve 


Nylon Insulating Sleeve 


flanged-spade and ring-tongue styles. 
Wire size accepted is 10 to 22 AWG 
in three ranges. Waldom Electronics 
Inc., 4625 W. 53 St., Chicago 32, IIL. 

Circle 558 on postcard af end of book 


ELECTRONIC COMMUTATOR 


Faithful reproduction of commutator 
will continue through a forecast life 
of 10,000 hr or more. Semiconductor 
components used throughout. Operat- 
ing temperature limits, —60 to 4-125 C. 


Load resistance ranges from 5000 
ohms to 2.5 megohms. Contact resist- 
ance, 5 to 10 ohms; leakage currents, 
less than 0.005 pamp at 5-volt signal 
levels. Sampling rates up to 50,000 
samples per sec possible. Kinetics 
Corp., 410 S. Cedros Ave., Solana 

Beach, Calif. 
Circle 559 on postcard at end of book 
(Continued on page 324) 
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Why compromise on your panel 
or switchboard instrumentation ? 


SPECIFY WESTON: The finest instruments available... 
combining long-range economy, lasting quality 


amen 20 | 


Model 271 


Over 70 years’ leadership in electrical For specifications ... information... or 
measurement... that’s the tradition behind the address of your nearest distributor, con- 
each of these instruments... the reason for tact your local Weston representative ... or 
the world-wide preference they’ve earned. write to Weston Instruments, Division of 
You'll find just the model to meet your switch- Daystrom, Inc., Newark 12, N. J. In Canada: 
board or panel needs in the Weston Catalog Daystrom Ltd., 840 Cale donia Rd., Toronto 
— including all versions of the famous instru- 19, Ont. Export: Daystrom 8 In ternational 
ments pictured on this page. eo Division, 100 Empire St., Newark 12, 


NR, 
|DAYSTROM sINCORPORATED 


WESTON INSTRUMENTS DIVISION 


®Weston offers the broadest panel instrument coverage in the industry . . . in terms of shapes, scale lengths, ranges, accuracies, sensitivities and sizes, 
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a GOOD one is important! 


@ Relays are often referred to as the heart of an 
electronic control circuit. A good one is essential to 


efficient performance and longer life. For years 


Comar has aided manufacturers suffering from relay trouble. 


- 
yg 


Our relay technicians 
will show you how to 
put more vim and vigor 
in your relay Circuits. 
Send the symptoms... 
we'll recommend the 


cure ..no obligation. 


comar electric 


3349 ADDISON STREET, CHICAGO 18, ILLINOIS 


a 


RELAYS * SOLENOIDS * COILS *© SWITCHES * HERMETIC SEALING 
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MINIATURE 
ACCELEROMETERS 


True compression accelerometers, Ser- 
ies 200, feature detachable steel or 
phenolic studs which permit either di- 
rect mounting or isolation of accelero- 


meter case. Sensitivity is 20 mv/g for 
5.5-gram Model 200, 15 mv/g for 2.7- 
gram Model 201; for both models fre- 
quency range is 2 cps-2.5 ke and ac- 
celeration range 0.03-40,000 g. Colum- 
bia Research Laboratories, MacDade 
Blvd. and Bullens Lane, Woodlyn, Pa. 
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400-CPS FHP MOTORS 


Nine a-c motors, for powering elec- 
tromechanical aircraft devices, range 
from 1/12 to 1/4 hp. “R” frame, Y- 
connected motors meet MIL-M-7969 
(ASG). These 115/200-volt motors 


are fully enclosed and qualified at am- 
bient of 71 C. Also available in series 
single-phase motors having hp ratings 
equivalent to 3-phase motors and with 
integral electromagnetic brakes for in- 
termittent duty. Fans incorporated in 
continuous-duty motors. Lundy Manu- 
facturing Corp., Glen Head, N. Y. 
Circle 561 on postcard at end of book 


EPOXY MOLDING 
COMPOUNDS 


Type EMC single-component com- 
pounds offer soft-flow molding charac- 
teristics which permit high-speed 
molding of electronic and electrical 
parts from materials previously found 
unworkable in manufacturing process- 
es. Other advantages include low pres- 
sure transfer and compression molding, 
non-outgassing, self-extinguishing and 
self-releasing properties. Standard ep- 
oxy volume resistivity at 100 C, 1.18 
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SU 


for ELECTRICAL EQUIPMENT 


Laboratory..Production.. Maintenance 


Voltage Breakdown 
Insulation Leakage 
0.02 mma to 10 ma 


Test Potentials to 30 kv 


Bench HYPOT® Test Sets, a-c and d-c 
models, have outputs to 30 kv. Sep- 
arate 42" meters for test voltage 
and leakage current. Wide selection 
of models. 

Model 424 Bench HYPOT® provides 
0-5000 v d-c. For testing cables, con- 
densers, coils, transformers, motors, 
and assemblies. Measures leakage 
current from 0.1 microampere to 100 
microamperes over four scale ranges. 
Rapid testing of capacitors with out- 
put of 5 milliamperes under short 
circuit. Operates from 110-120 v 
50/60 c outlet with long-life selenium 
high voltage supply. 


@ Insulation Materials Tester 


Dielectric strength determined to lab- 
oratory precision. Interchangeable 
test fixtures for varnishes, porcelain, 
tape, acetate sheet, films, tubing and 
cloth. Write for Bulletin, Model 4501 
HYPOT® Materials Tester. 


@ Insulating Oils Tester 


New portable design, only 42 Ibs., 
for testing insulating oils at point of 
application as well as in the labora- 
tory. Test potential variable from 0 
to 35 kv, with 2 kva rating. Write for 
bulletin Model 4505 HYPOT® Oil 
Tester. 


@ Measure Resistance 


to FIVE MILLION MEGOHMS 


VIBROTEST® megohmmeters provide 
direct reading measurements to FIVE 
million megohms and higher with 
electronic power supply that elimi- 
nates tedious cranking. Write for bul- 
letin “‘VIBROTEST". 


@ Test Electrical Grounds 


VIBROGROUND® measures resist- 
ance to ground of electronic, tele- 
phone, and power equipment. Direct 
reading. Operates from self-con- 
tained battery. Write for Bulletin 
*“VIBROGROUND"’®. 


Complete Catalog 


Net complete........... $497.50 


ASSOCIATED TET 


PACA Q ALLL 


3794 W. Belmont Avenue e Chicago 18, Illinois 


10—35.18 
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HAGEN 


repeat cycle 
ue 


FOR INTERRUPTING 
ELECTRIC CIRCUITS 
AT A PRE-ARRANGED 
TIME SETTING 


% Split Cams for variable 
percentage setting 


%& Time cycles from 1 sec. 
to 60 min. 


%& Contact Rating 15 Amps. 
at 115 V. AC. 7.5 Amps. 
at 440 V. AC. 


Ideal for grease injection, 
motor control, humidifiers, sig- 
nal lights, pulsing circuits, 
vending machine and appli- 
ance control. One and two 
circuit models available. 


MODEL 71 


ENCLOSED 


Write for Bulletin 1310 for complete specifications and types 


available. Address Dept. EM-460. 


¢ MANUFACTURING COMPANY 


. 
+ 
y 


Baraboo, Wisconsin 
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IN COMPUTER, COMMU 
AND INDUSTRIAL EQuU 


% RLT2-27-1 we RLT2-27-1A 


Shown actual size 


% Radioactive additives for 
reduced dark starting effect 


mponents / Indicators 


s offers design 
in the selection 
voltage reg- 
As circuit 


The new 
engineers 
of reliable 
ulation, s 
component 
cations req 
For indicatin 
sity lamps 
ruggedness 


NEPTUNE, NEW 
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Reprints still available 


on Ira Ritow’s 


practical guide to 


Slide Rule 


Mathematics 


How are you on the log-log scales with vec- 
tors and complex functions—not to mention the 
hyperbolics? 

“SLIDE RULE MATHEMATICS”—one 
of the most popular features ever published in 
ELECTRICAL MANUFACTURING—offers 
a practical guide to the understanding of the 
slide rule and its application to engineering 
problems. This 2-part article is the work of Ira 
Ritow, engineer-teacher and author of the popu- 
lar “Capsule Calculus” and “Fundamentals of 
Servomechanism Design.” SLIDE RULE 
MATHEMATICS traces the logical develop- 
ment of the slide rule’s fundamentals and gives 
complete concise instructions for its use. Con- 
tains over 50 two-color illustrated examples of 
step-by-step slide rule settings. Major topics 
include: 


Uses of the Basic Slide Rule 
Variations on Basic C-D Operations 
Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Phasor Calculations 

The Circular Slide Rule 


The 20-page reprint, plus 4 practice slide rules 
printed on heavy stock for easy cut-out, is priced at 
ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy 
price is 90 cents; for 25 or more copies, 75 cents each. 
Send remittance with order (adding 3 percent for 
New York City delivery) to Reader Service Depart- 
ment, ELECTRICAL MANUFACTURING, 205 East 
42nd St., New York 17, N.Y. 


ORDER FORM 





10'° ohm-cm; insulation resistance, 
1.45 10"? ohms; electric strength, 
397 vpm. Applications include mold- 
ing of miniature electronic parts and 
encapsulation of power transformers. 
Coil bobbin and encapsulated coils il- 
lustrated use glass-reinforced com- 
pounds. American Marietta Co., Adhe- 
sives, Resins & Chemical Div., Seattle, 

Wash. 
Circle 562 on postcard at end of book 


MOTOR-SPEED REDUCERS 


“Double-enveloping” worm-gear motor 
speed reducers are available in horse- 
power ratings from 1/2 through 15 hp. 
Speed reduction ratings, from rated 


Seaneane 


motor speeds, are 525 through 7.3 
rpm. All-position mounting with selec- 
tion of feet, hollowshaft or flange. Se- 
lection of drive motors offered. Fluid 
shaft, slip ring, torque, multispeed and 
magnetic brakes can be added. Reuland 
Electric Co., Alhambra, Calif. 
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SPEED-DETECTING 
GOVERNORS 


Speed-detecting switches are furnished 
housed in a stamped steel box with 
wiring knockouts and flange for ex- 
ternal mounting. Box measures 234 x 
4% x 3 in. deep and can be supplied 
with shaft length and diameter to 
order. Box accepts up to two units, 
each of which can detect a high and 
low limit. Speeds from 500 to 4000 
rpm can be detected. Types available 


Director, Reader Service 
ELECTRICAL MANUFACTURING 
205 East 42nd St., New York !7, N. Y. 


Enclosed is our remittance_ cash; ___s check; 


for________— copies of the 20-page reprinted articles “SLIDE RULE 
MATHEMATICS.” 


Mail copies (postpaid) to 
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OZALID NEWSLETTER 


NEW IDEAS TO HELP YOU WITH ENGINEERING REPRODUCTION AND DRAFTING 


¢ ee 


Standard materials, plus new thinking, result in big time and cost savings. 


How to break the halftone 
costs barrier 


Some of the sharper repro men look- 
ing to cut the high cost of using half- 
tones in quantity have come up with 
this little timesaver that goes for 
pennies per halftone. Here was the 
problem: 200 rush copies of 16 tech- 
nical photographs were needed for a 
service manual...a total of 3200 
prints. This job would usually run 
about $2,000 and take ten days... 
that was too long and cost too much. 

A bright lad thought about their 
Ozalid whiteprinting equipment and 
worked out this procedure: First an 
8” x 10” screened film positive was 
made by projection from a4” x 5” neg- 
ative, emulsion away from emulsion. 


This insured proper orientation of 
the print in the final stage. 

Next, the film positive and Ozalid 
black-line plastic-coated paper 
(105SZ) were processed in an Ozalid 
Printmaster 810 at a rate of 12 feet 
per minute. The 42-inch width of this 
machine permitted two operators to 
work simultaneously, cutting total 
production time virtually in half! 
The choice of Ozalid paper Type 
105SZ was an excellent one. It gave 
crisp; black-line images of great den- 
sity due to the paper’s plastic coat- 
ing. The entire project took just 
under a fast six hours instead of the 
usual ten days, and cost about $100. 


Total savings: $1900 and 914 days 
of production time. Pretty smart, we 
think. By the way, we’ve got sample 
packages available for the asking that 
might very well give you the same 
dramatic results. Why not write us 
at Ozalid, Box K4, Johnson City, 
New York. We'll be glad to help. 


Looking for a fast case 
of the blues? 


The happy kind, we mean. The clean, 
rich, decisive blue image that Ozalid’s 
new Super-Speed Blue-Line (200SS) 
gives. And when we say fast, that’s 
exactly what we mean. Poor originals 
are copied up to ten feet per minute 
faster than with regular copy papers. 

This is the first Ozalid copy paper 
specifically designed for copying 
semi-opaque originals at higher 
speeds ... at no sacrifice of line den- 
sity in any sense! 

But what does all this mean in prac- 
tical benefits, other than increased 
production at no loss in quality ? 

Well, for one thing, it means that 
you can now do a fine job on semi- 
opaque material, such as one-sided 
letters, documents and bulletins, at 
the lowest cost of any copying proc- 
ess...even if they’re printed on bond 
papers! 

Another benefit is the clean, read- 
able copies you can now produce 
from soiled, yellowed documents and 
low-translucency materials much 
faster than ever before. 

Is that all? Not by a long shot. 
200SS actually turns low-powered 
ultraviolet machines into pretty fast 
units. And the faster printing speeds 
mean faster return of the original 
after each cycle. 

Why not try this superb, high- 
density blue-line paper today? It 
really makes sense. Just call your 
local Ozalid representative for a 
demonstration. 


Ozalid—Division of General Aniline & Film Corp.* In Canada: Hughes-Owens Co., Ltd., Montreal 
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NOW... 
STALWART 
PRODUCES 
SYNTHETIC 
RUBBER PARTS 


Vi 


for unequaled resistance to 


formulated 
with 


*Viton is a 
trademark of the 
OuPont Company 


8763-SR 


OILS eCHEMICALS 
SOLVENTS e FUELS 
AND TEMPERATURES 
OVER 400°F. 


At last .. . a high-strength flexible material that 
resists the effects of corrosive fluids at tempera- 
tures over 400° F.! Viton .. 
synthetic rubber family ... provides unparalleled 


. a newcomer to the 


resistance to many solvents, hydraulic fluids, lubri- 
cants, acids, bases and fuels .. . successfully with- 
stands ozone, weathering, and oxygen. Viton 
custom rubber parts are now being used in the 
automotive, aircraft/missile, petroleum, chemical 
and appliance industries. Now Stalwart’s modern 
plants are prepared to compound, mold, extrude, 
cut, calender and splice Viton parts to meet your 
exact specification .. . deliver them on schedule. 
Stalwart also fabricates rubber parts from Neo- 
prene, Hypalon, Hycar, Buna N and other syn- 
thetic rubbers. Injection molded plastic parts are 
available from Stalwart’s Plastics Division. Write 
for specific information. 


THE WORLD'S LARGEST PRODUCER OF 
SILICONE CUSTOM RUBBER PARTS 


TALWART 


RUBBER COMPANY 


Warren and Bedford, Ohio 
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197 Northfield Road * Bedford, Ohio 
Monvufacturing facilities in Jasper, Georgia, 


for speeds to 15,000 rpm. Switches in 
Style B housing detect pre-determined 
speeds within 1 per cent accuracy. 
Life is over one million cycles of uni- 
form operation. Torq Engineered Prod- 
ucts, Inc., 32 W. Monroe St., Bed- 
ford, Ohio. 
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SMALL FLEXIBLE 
COUPLINGS 


In line of Junior “Sure-Flex” coupling 
sizes are: 3J, for stock bores from 3 
through 34 in.; 4J, for bores from 14 
to 1 in.; and 5J, for bores from 5¢ to 


14% in. Peak hp ratings at 1750 rpm; 
1.5, 3.0, and 6.0 hp, respectively. 
Flanges cast from zinc alloy AG40A, 
which has 41,000-psi tensile strength. 
Coupling has three components: two 
cast flanges and one-piece rubber 
sleeve. Molded teeth of flexible sleeve 
lock into teeth of flanges without 
clamps or screws. No metal-to-metal 
contact. T. B. Wood’s Sons Co., Cham- 
berburg, Pa. 
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VARIABLE-RELUCTANCE 
TRANSDUCER 


Model 4-100 is a d-c input to d-c out- 
put pressure transducer specifically 
designed for aircraft and test applica- 
tions. Instrument features good output 
stability over range of —24 to —32 


volts d-c input. Twelve-oz unit covers 
a range of pressures from 0-5 to 0- 
5000 psi and is available in differential, 
absolute or gage pressures. Tavis En- 
gineering, 1711 S. Mountain, Monrovia, 
Calif. 

Circle 566 on postcard at end of book 


Laboratory and Engineering Equip- 
ment starts on page 331. 
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ects 


Compatibility testing of Epoxy Magnet Wire with encapsulating materials. 


Thousands of Compatibility Tests help show why— 


EPOXY MAGNET WIRE HELPS SIMPLIFY DESIGN AND INVENTORY PROBLEMS 


Thousands of chemical and thermal stability tests in the sizes. It can also be furnished in combination with Vitrotex 
laboratory at temperatures above 130°C—plus over four (glass served) for positive thermal overload protection. 


years of field experience—show that Anaconda Epoxy Magnet You can see how Epoxy offers many interesting possibilities 


Wire is compatible with virtuc illy every varnish, encapsul iting 
and potting compound currently in use. 

This outstanding high- temperature compatibility alone is 
reason enough to consider Epoxy practically an “‘all- around” 
magnet wire. But this Anaconda-developed magnet wire has 
outstanding dielectric strength, heat shock, adherence, and 
flexibility properties as well. And test results show Epoxy per- 
forms well in transformer oils and exhibits excellent resistance 
to attack from acids, alkalis and moisture conditions. 

Anaconda Epoxy is a 130°C (AIEE Class B) enameled 
magnet wire, but it costs no more than most 105° Class A 
magnet wires. This means you can often thermally upgrade 
your components to Class B at no additional cost. It’s readily 


available, too— ina full range of round, square and rectangular 


ANATHERM NYFORM PLAIN 1 ENAMEL 


for cutting costs and simplifying production through standard- 
ization in many totally enclosed as well as open applications. 

Our technical staff and our Research and Development 
Laboratory facilities are available to give you assistance in 
your compatibility and other magnet wire problems. See the 
man from Anaconda. Or write: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, N. Y. 60251 






ASK THE MAN FROM 


ANACOND 


FoR EPOXY MAGNET WIRE 


ANALAC 10! 
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“From transistor radios to computers-— 


one of National's 115 materials and grades will 
give you optimum performance in your design.” 


Why go on a wild goose chase from supplier to supplier tions, such as high electrical-mechanical values plus excel 
for the special plastic material you need for your design? lent water absorption and dimensional stability character 


A tume- and trouble-saving check with National gives you stics. Or, electrical properties plu igidity and heat 
iased help and a material best suited to your property istance. Or, electrical properties pl 


nts nd di ional srabilir ] | 
ents ac mensional stapiuity under load 


ical resistance 


otters the broadest line of basic engineer: 


; You will find three other important ‘properties’’ at 
in the indusery over 115 materials and 4 1 : j 


: an understanding of your needs; a willingness 
the one best erial to tit your desig 


to work wt) you; and a facility to fill your requirements 
echanically chemically. For ex 


fast and ethciently. 


. 
for a new printed circuit material with 


Yo an obtain National materials in standard forms 
properties against fire, National offers , 


} be, rod—in precision tabricated parts to your 
made without costher resins—can_ be 


a or special-molded polyester shapes For objective 
temperatures (130 I 150° | 7 . 


contact your nearby National Sales Engineer 
Vulcanized Fibre, extruded thermoplastics and PHENOLITI 3 Or write us direct, Dept. C-4, Wilmington, 


laminated plastics offer a wide range of property combina- Delaware. 
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He . ES 
CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 

PHENoLITE® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 


PeerLess Electrical Insulation: coil, strip, 
corrugated, 

Extruded Nylon, ‘Delrin’, ‘Penton”: 
rod, strip, tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


VAlley 3-0393 
TWinbrook 4-3500 
AUstin 7-1935 
GArfield 1-0632 
ERieview 1-0240 
DAvis 4-4386 
MAin 3-2077 
UNiversity 3-3632 
8-1408 

W Alnut 3-6381 
RAymond 3-0291 
BRoadway 6-6995 
LOcust 2-3594 
Mitchell 2-6090 
COrtlandt 7-3895 
SHerwood 8-0760 
FAirfax 1-3939 
Hillside 5-0900 
PArkview 5-9577 
5-5505 
DAvenport 6-4667 
MElrose 2-7298 
OLympia 5-6371 


Baltimore : 
Boston 

Chicago 
Cincinnati 
Cleveland 

Dallas ... 


Detroit 
Griffin, Ga. 
Indianapolis 
Los Angeles 
Milwaukee 
New Haven 
Newark 


Philadelphia... 
Pittsburgh 
Rochester . 

St. Louis 

St. Petersburg 
San Francisco 
Seattle 
Wilmington 

IN CANADA: 
National Fibre Co. of Canada, Ltd. 

Toronto LEnnox 2-3303 
Montreal AVenue 8-7536 


‘/NWATIONAL 


VULCANIZED FIBRE CO. 


WILMINGTON 99 DELAWARE 


In Canada 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 


APRIL 1960 


Laboratory 


Engineering 
Equipment 


REPETITIVE OPERATION 
FOR ANALOG COMPUTER 


High-speed repetitive operation, an ac- 
cessory for the manufacturer's compu- 
ters, provides a problem solution as a 
continuous plot on a_ 17-in. oscillo- 


scope. Effect of problem variable 


changes can be observed immediately 
on display screen. Computer may be 
readily switched back to real-time op- 
plots can be 


eration so permanent 


made of solution on strip-chart  re- 
corder or x-y plotter. Computing times 
from 10 to 80 millisec available. Both 
stepped and continuously variable con- 
trol of computer time provided. Dis- 
play unit allows simultaneous viewing 
of eight variables plotted 
against time or seven variables plotted 


problem 


against an eighth. Electronic Associ- 


ates, Inc., Long Branch, N. J. 
Circle 567 on postcard at end of book 


TRANSISTOR TESTER 
Model 71 


transistor tester is a portable instru- 


junction and point-contact 


ment. Tester measures small-signal d-c 
cain in the grounded emitter configu- 
leakage 


current with an accuracy of 3 per cent 


ration and collector-to-base 
approx. Beta multiplier allows opera- 
tor to perform measurements with full- 
scale Beta ranges of 0-50, 0-100 and 


0-200. Measures /,, with full-scale 
reading of 100 microamp. Short test 
indicator is provided. Uses four 1%- 
volt size D_ batteries. Trans-Western 
Electronics, Box 1473, Ventura, Calif. 
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SERVO-STABILITY 
CALCULATOR 


Transparent plastics scale, 11 x 45% in. 
approx, permits rapid solution of servo 
problems. Calculator is used to obtain 
phase shift and attenuation for mini- 
mum-phase networks in design and 
evaluation of closed-loop feedback sys- 
tems. Typical problems solved from 
plots include: whether system is stable, 
effect of gain change on stability, de- 
termining velocity and acceleration con- 
stants, gain and phase margins, choice 
of lead-lag networks to stabilize system 
(including use of 
Curve-corrector 


complex roots). 
provided — for 
frequency  dia- 
accurately than single 
straight-line approximation allows. 
Plots are made on semi-log paper. Con- 
trol Aids, Inec.. Box 207, Woodmere, 
BR ae, 
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PHOTOELASTIC STRAIN GAGE 


Gage is a 


scale 
attenuation 
more 


drawing 
grams 


uniaxial 
strain indicator. Strainline gage indi- 


direct-reading 


cates axial strain in direction of gage 
application only. In addition to axial 
static and lateral 


dynamic _ strains, 


bending and torque are also indicated. 
Linear displacement of visible interfer- 
ence fringes indicates strain magni- 
tude. Gages may be used in natural or 
artificial light. Two types are: A-75-10, 
with a °4-in. gage length, and A-200-10 
with a 2-in. Baldwin-Lima- 
Hamilton Corp., Electronics & Instru- 
mentation Div., 42 Fourth Ave., Walt- 
ham 54, Mass. 

Circle 570 on postcard at end of book 


length. 


TRANSDUCER MONITOR 


Model 2702 Dyna-Monitor is a labora- 
tory system that monitors and amplifies 


shock, 


signals. Three-channel system monitors 


vibration, pressure and force 
output of piezoelectric transducers or 


other high-impedance devices. Fea- 
tures include: 10 my input providing 
full-scale meter reading and 10 volts 
output and integral 


Frequency 


power supply. 


response, 5 per cent, 
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known around the world 


for unequalled dependability. 
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with 20 ft of driven cable, 3 cps to 
10 ke with 1000 pf or greater source 
capacitance: 10 cps to 4 ke with 200 
to 500 pf source capacitance. Endevco 
Corp.. 161 E. California Blvd., Pasa- 
dena, Calif. 
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AN/MS CONNECTOR TEST 
ADAPTER 


Test tool is designed for making volt 
age. signal, continuity and perfor- 
mance tests on equipment using AN 
MS. miniature. sub-miniature and simi- 


a 


9 


lar connectors. Adapter dimensions 
conform to MIL specifications. Con- 
tacts are silver or gold plated. Avail 
able in pin and socket contact sizes 
20, 16, 12 and 8. Air-O-Tronics Engi- 
neering Co., Box 31, Lancaster, Calif. 
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HIGH-IMPEDANCE 
COMPARATOR 


Model B-921 is a three-terminal bridge 
to compare impedances of the order of 
megohms against a known _ standard 
for either absolute measurement or 
comparison of fluid permittivity. Speci- 
fications: accuracy, 0.001 per cent; ad- 
justable voltage ratio, between 0.311:1 
and 3:1; frequency range, 400 cps to 
10 ke; input voltage, 30 volts max. 


(Continued on page 334) 
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CORPORATION OF AMERICA 
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MY CALE X° 410 
glass-bonded mica 


from the family of the world’s 
most nearly perfect insulation 


ACTUAL 
SIZE 


helps TORE arresters 
control the power of lightning! 


These small, close tolerance plates have the ability to both confine and absorb 
heat from a high-current arc . . . repeated exposure to operating temperatures as 
high as 6S0°F has no effect on the plates. This is only one of the reasons 
On10 Brass Company selected MYCALEX 410 glass-bonded mica plates for its 
THOREX lightning arresters. 

Rugged MYCALEX 410 plates comprise the arrester’s vital element in which 
they function to stretch, cool and extinguish the power arc. Only 2” in diameter and 
1.43” high, the element provides a substantial total arcing path of 33”. 

Of equal importance, the mechanical strength of these gap plates permits an 
automatic riveting operation which secures the gap electrodes. 

Formulated to withstand high voltage and high frequencies, MYCALEX 410 
is but one of a family of versatile electrical and electronic quality insulating 
materials produced by the MYCALEX CORPORATION OF AMERICA . . . 


¢ MYCALEX® glass-bonded mica, for operating temperatures up to 800°F. 
e SUPRAMICA® ceramoplastic, for operating temperatures up to 1550°F. 

e SYNTHAMICA® synthetic mica, for operating temperatures up to 2000°F. 
Write for technical information today. 


General Offices and Plant: 130 Clifton Blvd., Clifton, N. J. 
Executive Offices : 30 Rockefeller Plaza, New York 20, N. Y. 


World's largest manufacturer of glass-bonded mica, ceramoplastic and synthetic mica products 
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MU 


LOW-COST 
WEST VIRGINIA 
PRESSBOARD INSULATION 


...@ mMoneysaver 
for every purpose 


PRESSITE .... an absorbent board 


for air, oil, and askarel transformers; 
also for capacitors. 


ELECTRITE ...a hard board, with 
natural rosin sizing to resist mois- 
ture. Excellent for punchings and 
fabricated parts. 


DENSITE .. 


board. Sized for moisture resistance 


an extremely hard 
or unsized for applications in oil. 


All three types are widely replacing 
more costly insulation. 

Made of 100° virgin kraft pulp 
produced at our own pulp mill, they 
are free of metallic particles. They 
offer higher dielectric, physical, and 
chemical properties. 

Uniform quality assures consistent 
dependability. Colors are natural 
kraft, black, and brown depending 
on type. Available in a wide range 
of thicknesses. 


Ask for Underwriters’ Laboratories report 
E3987. Write Board Products Sales, West 
Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York 


West Virginia 
Pulp and Paper 
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Comparator consists ol necessary 
bridge networks but requires audio 
oscillator and selective amplifier-detec- 
tor. Wayne Kerr Corp., 1633 Race St 

Philadelphia 3 
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TRANSISTOR SWITCHING 
CHARACTERISTICS 


Model 140 meter is a device for mea 
suring the switching characteristics of 
transistors, Rise-, storage- and fall 


time meter provides direct read-out, 


allowing measurements to nanosecond 
accuracies. Time is displayed directly 
on panel meters o1 presented as volt- 
ages in full-scale ranges from 10 nano 
sec to 10 uwsee for each of three inde- 
pendently adjustable time-difference 
channels. E-H Research Laboratories. 
Inc., 1922 Park Blvd., Oakland 6, Calif. 
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PORTABLE SECONDARY 
TIME STANDARD 


Standard provides a portable time 
source accurate to approximately 16 
sec/yr and can be used for precisely 
timed on-off control. Solid-state device 
contains an AM receiver for fixed- 
frequency operation on 2.5, 5.0 and 10 
me. Receiver output is applied to pulse 
generator which supplies a pulse of 
required amplitude and duration to 
synchronize d-c operated clock. Audi- 
ble output also available. Unit can sup- 
ply a switching function at 15, 30, 45 
or 60-sec intervals, or any multiple o 
multiples of 5 min up to 1 hr; combi- 
nation to be selected is determined by 


DOLLARS 
GO FARTHER 


when your 
plastic products 
have the 


famous 


DAIRY 


When profits are squeezed 
the hardest, MAKRAY preci- 
sion injection molding pays 
off the most. Get uninter- 
rupted, trouble-free produc- 
tion components. Your prod- 
uct will look better, work 
better ...and SELL better! 


e 24-hour, 3-shift operation 

e Delivery schedules you can 
depend on 
30 latest Hi-speed presses... 
3 0z. automatics to 80 oz. 
Capacities 

e Molds built in our own shop 

e Complete engineering counsel 


Keep your production costs 
down. Call or write about the 


MAKRAY “OK”... today! 


MAKRAY 


MANUFACTURING CO. 


4400 North Harlem Avenue 


Chicago 31, Ill. « Gladstone 6-7100 


Circle 348 on Inquiry Card 





GENERAL PLATE TRUFLEX 


Thermostat Metal Solves Corrosion 


and Force Problems 


... Lncreases efficiency and © 
sensitivity 


FOR 


VELAN ENGINEERING LTD. 


In designing their universal and high 
pressure type steam traps, Velan En- 
gineering Ltd., Montreal, Canada, were 
faced with a severe corrosion and force 
problem in designing the actuator blades. 
To solve this problem with existing 
Truflex thermostat metals, too many 
blades were required. The problem was 
submitted to General Plate Engineers 
who quickly provided the solution by 
engineering a new four layer clad Truflex 
Thermostat Metal that provided the de- 
sired characteristics, reduced the number 
of blades required per steam trap, and 
increased efficiency and sensitivity. 

Here’s what Mr. D. E. Tomalty, 
General Sales Manager, has to say: 
“Long, efficient, trouble-free steam trap 


General Plate Products: Clad Metals + Electrical Contacts « 


APRIL 1960 


service has become synonymous with the 
name of VELAN, and most of this success 
can be attributed to the Truflex Bimeta] 
Element that forms the heart of the prod- 
uct. Two special corrosion-resistant bi- 
metals were developed by General Plate 
to meet the exacting needs of steam trap 
service. For general service on low and 
intermediate pressure/temperature ap- 
plication, TRUFLEX MB 18 has been 
used successfully for over eight years. A 
service record of ten years has been com- 
piled with TRUFLEX GB 14 in the High 


EACH BLADE 
COMPOSED OF 
4 LAYER 
MATERIAL 


Pressure/Temperature Type ‘N’ where 
2000 psi, 1100°F. operating conditions 
are common.” 

To new or regular users of thermostat 
metal, Metals & Controls has much to 
offer over 60 types of TRUFLEX 
Thermostat Metal (resistivity from 15 to 
850 ohms per c.m.f.) complete techni- 
cal literature on TRUFLEX — help with 
parts design calibrated samples. Our 
competent field engineers will gladly call 
at your request. No obligation. Write 
for complete information. 


TEXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 


® 1904 FOREST STREET 


° ATTLEBORO, MASS. 


GENERAL PLATE PRODUCTS 
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BEN WOULD HAVE LOVED INSUROK® 
FOR HIS OWN ELECTRICAL 
APPARATUS! 


Perfect for Fabricated Parts 
Superior Electrical Properties 
Greater Design Possibilities 


Lightweight, Non-Corrosive 


INSUROK is the copy- 
righted brand name for 
The Richardson Com- 
pany’s complete family 
line of laminated 
plastics. 


Richardson INSUROK parts outperform and outlast other 
materials because of their unique combination of properties. 
Outstanding INSUROK characteristics are: 


Low dielectric loss. 

Low moisture absorption. 

Heat and blister-resistance. 
Unmatched insulating qualities. 
Remarkable strength and durability. 


Good machinability. 


Richardson laminated, machined and fabricated parts are pro- 
duced in a wide range of characteristics to meet many kinds of 
electrical and electronic applications. New grades, sizes, and 
shapes are constantly being developed for new applications. 


Whatever your specific product application ... electrical or 
mechanical ... specify and insist on INSUROK. Write for 
comprehensive details in bulletin form on how you can profit 
by using INSUROK, or phone today. 


ena 
ae ha 


THE RICHARDSON COMPANY at 


to tele 
FOUNDED IN 1858 PTT 


2703 LAKE STREET, MELROSE PARK, ILLINOIS 
CHICAGO PHONE: MAnsfield 6-8900 * SUBURBAN PHONE: Fillmore 4-4300 
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inserting shorting plugs in control 
panel. Zenith Radio Corp., 6001 W. 
Dickens Ave., Chicago 39. 
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SONIC VIBRATION 
ANALYZER 


Model SS-20 spectrum analyzer will 
give a Fourier analysis in the 7-cps to 
23-ke spectrum. For use with vibration 
systems, sonic noise and whistle analy- 
sis, tape recorder testing and magnetic 


tape analysis. Specifications include a 
continuously variable sweep width 
from 50 cps to 6 ke, 500-microvolt full- 
scale sensitivity, 60-db dynamic range, 
and linear and log amplitude scale. 
Synchronous sweep generator, signal 
alternator, variable-rate generator and 
range-extender are some special at- 
tachments available. Probescope Co., 
Inc., 8 Sagamore Hill Drive, Port 
Washington, N. Y. 
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DECADE INDUCTORS 


Model DID 4 has an inductance range 
from 0.001 to 11.11 henrys in four de- 
cades. At 1 ke, accuracy of total in- 
ductance is +1.0 per cent. Coils are 
wound on temperature-stabilized mo- 
lybdenum-Permalloy cores. Other mod- 
els with fewer decades and smaller 
ranges offered. Universal Manufactur- 
ing Co., Inc., 1168 Grove St., Irvington, 
Ms Js 
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See Product Index for this issue on 
page 350. 
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from copper and steel... 
from wire, strip, and bar stock...to... 


COMPLETE SERVO ASSEMBLIE: 


We are not an assembly station. We are a manufacturer! 


Steel and copper come into our factory. Housings are turned and gears 
are hobbed from the solid stock. Laminations are stamped from 
strip steel. Copper is wound right off the reel. 


Every operation between raw stock and servo assembly is per- 
formed in our own plant, under our own supervision. And because 
we exercise this complete control over manufacture, we can honestly 
vouch for the quality and reliability of every motor, generator, syn- 
chro, and gear train carrying our name. 


Undivided responsibility isn’t a new idea by any means, but it is 
increasingly difficult to find in this age of overspecialization. If you’d SERVO ASSEMBLY - Type 9 motor generator 


care to sample the benefits of this integrated approach, why not driving two Type 11 CT synchros through @ slip 
call on us now? clutch and a gear train having ratio of 1500 to 1. 


| ety, 
e DAYSTROM s INCORPORATED 


TRANSICOIL DIVISION WORCESTER + MONTGOMERY COUNTY + PENNSYLVANIA 
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The Systems Approach to 


POWER CONVERSION 


The 60 to 400 cycle frequency changing motor generator set and 
complete controls are mounted together on the skid base. Smaller 
type cubicle contains all necessary meters, laced and channeled 
circuitry, motor starter with stop and start push buttons and a 
KATO STATIC REGOCITER combination voltage regulator and 
static exciter, KATO MAGTROL static regulators are manufac- 
tured for use with brushless AC generators which must have 
rotating exciters 

Investigate KATO’S COMPLETE LINE—60 and 400 cycle genera- 
tors—various speeds—brushless or slip ring types—motor genera 
tors for all power converting needs—complete line of controls for 
all rotating electrical machinery. 


NOW KATO’S COMPLETE LINE OF GENERATORS 
IS ALSO AVAILABLE IN BRUSHLESS DESIGN 


ie 
ED 
OT ull 
Soe SM 


SNP wee VARIABLE FREQUENCY MOTOR 
aa GENERATOR SETS 


Used extensively as a source of vari- 
able frequency power to synchronize 
2S speed changes of two or more drive motors. 
A wide range of styles and sizes. Common 
frame design or separate units, belted or 
direct coupled. 
Builders of Fine Rotating Electrical Machinery Since 1928! 


| ey KATO Enatucering Compart 


a7 
@ AND FOLDER! 98 MAXFIELD AVE., MANKATO, MINNESOTA 


Insulate... 


— SSCOSSHOSHSSOSSSSSOSHSSSSHSHOHHSHOSCHOOSOSEOEEEE 
iN ee ee | | e ae Be Circle 353 on Inquiry Card 
a Pets EE . We'll be pleased to answer 
* ‘ 


| protect. 7 your questions about the 


The high quality of conserve space . .. properties of mica or _ its 


with use in specific applications. 


NATIONAL LOCK MICA There is no obligation. Send 
for FREE booklet: “Natu- 
FASTENERS ae r FREE booklet Natu 


| dielectrics known! ral Mica For Industry.” 


is more than skin deep 


Quality wire is the basic ingredient for Mica Industry Association, Inc. 


quality fasteners. That's why, at National Lock, ‘ 420 Lexington Ave., New York 17, N. Y. 


' £ th 
quality control starts with elements of the raw Chats: Rie eis Geeton Cant 


wire. Here, a unique spectograph is used . 

to make a complete qualitative analysis of 

the metal that goes into National Lock fasteners 

and cold-headed products. And, too, size, 

thread dimension, finish and other exacting 

customer specifications are checked with equal at — Popular package is 


8-oz. can fitted with & 


i . "a Di d SD) : . 
vigilance and thoroughness. National Lock — ee ai — a soft-hair broth for ape 
Tarlton es piyine right at bend : 
¢ : metal surface ready for 
assure long-term, dependable performance = F ma Seite : 
makes the scribed lines & 
: “AS /% show up in sharp relief, = 
STANDARD AND SPECIAL-PURPOSE FASTENERS \ ' ee NSS: prevents metal glare. In- 


\ bs ao : eases efficiency and & 
FOR AMERICAN INDUSTRY SINCE 1909 “ae Be od os  aaoueeae. 


Write for sample 


a a uk 5 a on company letterhead 
NATIONAL LOCK COMPANY at wt THE DYKEM COMPANY 


FASTENER DIVISION, ROCKFORD, ILLINOIS = cee eda 


fasteners are quality made inside and out to 
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HANDY & HARMAN SILVER FLAKE 


__ Coats Lighter, More Effective Plastic Lens 
>= For Long Range Missile Control System 


An exciting new application in the missile guidance field 
is the development by the Surface Armament Division at 
Sperry Gyroscope Company of a silver-coated plastic lens 
for use with the Navy’s Talos missile. As compared to 
earlier metal versions, the new lens weighs substantially 
less and provides twice the signal gain at the same pro- 
duction cost! The Talos delivers, with extreme accuracy, 
a high explosive or nuclear warhead to any altitude at 
which airplanes now fly, as well as far beyond the range of 
human visibility. 

The silver coat imparts electrical conductivity to the lens 
and is applied in paint form. As the silver base for this 
paint, Sperry uses Handy & Harman’s Silver Flake. An 
important quality of this flake is that its waferlike par- 
ticles are asymmetrical and overlap on the surfaze of the 
lens, affording up to 35% of the conductivity of an equiv- 
alent weight and shape of fine silver. 

Handy & Harman silver conductive coatings find use 
throughout the electronic and electrochemical industries 


Your No. 1 Source of Supply and Authority on Precious Metals 


HANDY & HARMAN 


Gencral Offices: 82 Fulton Street, New York 38, N.Y. 


... they are ideal to make conductive surfaces on such non- 
conductors as ceramics, glass, mica, plastic and paper. 
They are applicable also for use in the manufacture of 
capacitors, thermistors, carbon resistors, printed circuitry 
and electrostatic shields. 


Handy & Harman has available every form of silver 
useful to manufacturers and fabricators — flake, powder, 
paint, paste, sheet, strip, wire bimetals, silver oxide, diva- 
lent oxide, etc. Our Research and Engineering Depart- 
ment is always available to assist you in the selection or 
use of any silver form for any application from brazing 
to conduction coating. Below are listed six of our Technical 
Bulletins. Write for those that interest you. Please indicate 
their numbers for prompt attention. 

Bulletin A-1 
Bulletin A-2 
Bulletin A-3 
Bulletin A-4 


Bulletin A-5 
Bulletin 25 


Fine Silver 

Silver-Copper Alloys 
Silver-Magnesium-Nickel 
Silver Conductive Coatings 
Silver Powder and Flake 
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HIGH BRIGHTNESS and REGULAR TYPES 


ront mtg., 15/32”) 
DIALCo’s Sub-Miniatures ‘ (Fro g 
use tiny T-2 Neon Glow 
Lamps: NE-2J (High 
Brightness) at 105-125 V., 
A.C.; or NE-2D (regular) 
at 105-125 V., A.C. or D.C. 


W Series mounts from | 
FRONT of panel in 15/32 
clearance hole (supple- 
ments 17/32” Series). 
Also—units for mounting 
from BACK of panel in 
15/32” clearance hole. 
Unique lenses in 5 colors; 
give all-angle visibility . 
Units are fully insulated; 

meet applicable Mil. Specs. 


No. 137-8536-931 


(Front mtg., 17/32”) 


No. 145-5036-991 


Ask for Brochures 
L-159B and L-162. 


(Illuat. approx. actual size) 


DIALCO} 


T-1 i 


Designed for use with 
T-1 % midget flanged 
incandescent lamps— 

1.3 V. to 28 ass 

NEW Series Mounts 
from FRONT of panel in 
15/32 clearance hole— 


(supplements 17/32” i 
’ Ser 
Also—units for mount- nen 


ing from BACK of Panel in 
15/32 clearance hole. 
Unique lenses in 7 colors, 
nits are fully insulated: 
meet applicable Mil. Specs. 


Ask for Brochures L-1 
thru 159B, and Las 


1-Terminal Pilot Lights 


F or use on grounded 
Circuits. Mount in 13/32” 
or 15/32” clearance 

hole. Binding screw 

or soldering terminal, 


SAMPLES ON REQUEST—aT ONCE—NO CHARGE 


eae A 


2-TERMINAL and 1-TERMINAL TYPES 


~ 
. 
7 


v > 


No. 134-3830-375_7 
Spring-mounted Lens-with-& 
©ssage is rotatable. 


(Front mtg., 13/32”) 


No. 101~4630-971 
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(Back mtg., 15/32”) 


(Back mtg., 15/32”) 


No. 138-3836-1431-99 > 


INCANDESCENT! 


a 
" 
\\ \ | (Front mtg., 15/32”) a 


° 


/yt 
| No. 162-8430-93) 





@ Ask any user why he 
selects Star first for electrical 
porcelain and chances are 
he’ll tell you how Star is 
geared to help him eliminate 
production problems quickly 
and easily. For example, Star 
offers— 


e A wide range of materials 


e Closer tolerances as 
required 


Th STAR Porcelai 
34 MUIRHEAD AVENUE 


¢ Better quality materials 


¢ Customer engineering 
assistance 


¢ Promised deliveries 


Like to know more about 
Star electrical porcelain and 
“customer appreciation”’ 
service? Write today. 
There’s no obligation, 
of course. 


n Company 
es 


TRENTON 9 
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- Electrical Coil Windings 


WIR 


For 43 years... 5 
coils to customers’ 


engineering assistance available on 


E SIZES +6 to +56 


pecializing in all types of 
specifications. Design or 
request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenve 
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—FOLDING DOUBLE CUPPED WASHER LUGS - 


y : 
EASY TO APPLY « 


Write for Bulletin 8-DF KRUE 


1043 EV 


Circle 360 


NO TOOLS REQUIRED 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 


Oa las) 


CUS ML SSM Re mele) 


on Inquiry Card 





Even the Best Draftsmen 
are better with 


The K&E Paragon 


Ale Hou 
Drafting Machine 


SOR COHEHMHH OOH HEE EEEEEES 
Horizontal positioning lock now 
centrally located to permit lock- 
ing or releasing while seated. 
Improved cable attachment and 
increased cable strength pro- 
vide maximum protection 
against breakdown, cable-snap- 
ping, and the wear and tear of 
constant use, 


Larger diameter vertical rail and. 
attendant structural improve- 
ments afford increased rigidity 
for sharper, surer work. 


5 Ways the Best 


More Versatile — perfect balance at 
any board angle. 


More Compact — advanced travel-rod 
construction completely eliminates 
outdated cumbersome counterbal- 
ances projecting over top of board. 


More Adaptable — gives maximum 
sweep of any size board — even the 
largest wall models. 


Better Made — as with every K&E 
product, precision engineering 
throughout... rigid construction 
means truer lines, more accurate work 
... glides smoothly on fine-ground 
stainless rails...all glide controls 
are readily adjustable for any touch, 
any board. 


For Easier Use—scales move instantly 
at the lightest touch from one posi- 
tion to another . . . long lines can be 
drawn in a single motion, up, down 
or across... scales lock in place to 
eliminate drift ... less tiring... 
smooth, feather-light action actually 
reduces number of arm and hand 
motions necessary to produce a fin- 
ished drawing. 


KEUFFEL & ESSER CO., Dept. EM-4, Hoboken, N. J. 


1) Please send information on the new K&E Paragon® Auto-Flow?™- Drafting Machine. 


OO Please arrange a demonstration for me. 
Name & Title 
Company & Address 


2046 


CC cee cee cree ce es ee ee ee ee ee ee ee ee ee ee es es ee ee ee ee ee ee oe ot 
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NICE offers... 


. complete lines of precision, 
semi-precision and unground 
standard bearings. 

... facilities and “know-how” to 
design and produce “‘specials’’ 
to exactly suit individual bearing 
application requirements 

. Standard and special 
bearings that offer Product 
Designers many design 
improvement and cost-saving 
opportunities 
.. . bearings that have proved 
their economic and performance 
value in the accepted 
products of many hundred of 
well-known manufacturers 


Molecular Engineering 
Structural Plastics 
Magnetic Core Materials 
Embedded Circuits 
Microminiaturization 


... NOW... the revolutionary 
new UNIBAL, a low cost 
bearing of superior quality, 
suitable for many precision 
bearing applications. UNIBAL 
construction features solid 
inner and outer raceways, with 
deep, unbroken ball grooves 
and a full complement of balls. 
Unique new and patented 
manufacturing methods produce 
bearings of exceptional 
durability and strength 


Instrument Ball Bearings 
Thermoelectric Cooling Modules 

= 
Low-Noise Motors 


Synthesis of Drive Regulation 


Digital Speed Control Analysis 
5 b by Analog Computer Methods 


NICE BALL BEARING CO. ee ee 


teat DER esd ead eee LIL 
DIVISION OF CHANNING CORPORATION 


Sole See ee Cagety Cae Application of Digital Computers 


RNR in Product Design 
HIGH THERMAL CONDUCTIVITY “HOT MELT’ 
COMPOUNDS for power transformer potting 


@ Excellent heat dissipating properties. 
@ Minimum equipment necessary. . 
@ No curing or baking after potting. DC Measurements 
@ Odorless with high cold flow. 
@ Technical consultation available. 
Send for GENERAL SPECIFICATIONS CHART 
Stock available for immediate delivery 
3442 Howard Street * Skokie, Illinois 


Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 


Instruments for Precise 


lat . . 
All of these timely articles—and 
Circle 363 on Inquiry Card 


more—will be coming your way in 


RAJAH SPRING SNAP the big feature MAY Issue of 
SOLDERLESS TERMINALS 


Electrical Manufacturing—the 
Merely push the terminal on the base 


stud, and it snaps into place making : . 
a positive electrical connection. To Design Engineering 


remove just pull it off; no screws to 


bother with, no springs to bruise fin- “ i ‘ 
gers Conference Issue. 


Write tor descriptive tolder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J. 


Watch for it! 
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Alcoa Aluminum 
.ighest strength 
at lowest weight! 


CONTROL CABINETS MADE OF ALCOA ALUMINUM are easier to handle, easier 
to fabricate . . . cost less to ship . . . let your customers install 
your product faster and easier without expensive lifting equip- 
ment ... drastically reduce future upkeep because Alcoa Alu- 
minum is corrosion resistant . . . and maintenance-free. 


Build your products with Alcoa® Aluminum and you 
automatically combine the cost-saving benefits of 
high strength and low weight. New aluminum alloys 
with tensile strengths comparable to mild steel weigh 
only one-third as much. 

Alcoa Aluminum offers you many other advan- 
tages, too: you get more metal per pound than with 
steel, brass, nickel or copper . . . it’s easier to handle 

- nonmagnetic . . . nonsparking . . . easy to spin, 
form, bend, roll . . . costs only one-half as much as 
copper for equivalent current-carrying capacity .. . 
can be cast, forged, extruded or drawn .. . easily 
joined by practically any method . . . corrosion 
resistant, it requires virtually no maintenance. 

Ask an Alcoa sales engineer to show you how Alcoa 
Aluminum can put added values for you and your 
customer into the products you make .. . or write 
Aluminum Company of America, 2130-D Alcoa 
Building, Pittsburgh 19, Pa. World-wide sales through 
Alcoa International, Inc., 230 Park Avenue, New 


York 17, N. Y. 


Your Guide to the Best 
in Aluminum Value 


ALCOA 9 For exciting drama watch 
can | ‘**Alcoa Presents’’ every 
IMU AA - 
ew ! Tuesday, ABC-TV, and 
pe *‘Alcoa Theatre’’ alternate 
Mondays, NBC-TV 
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416-PAGE 


Pa ew VANS: 
CATALOG #21 


Lists over 12,000 
PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 

Available From STOCK! 


GEARS * SHAFTS* COLLARS» CLUTCHES « 
BEARINGS» COUPLINGS « DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts & Components. 


PLC DESIGN CORP. 


Subsidiary ot BENRUS WATCH COMPANY, Inc. 


rv] Atlontic Ave., East Rockaway, L.!., N.Y 
Circle 366 on Inquiry Card 


Send for 
your FREE 


copy 
today. 


LARGE WORK SPACE 
Bench Oven 3'x3'x 3’ 


MODEL 333 
PP 
ea ee ALE) ee i 


Quick Quotations 
Prompt Delivery 

Reasonable Prices | 
mere ure ty 

to Specifications | 


OTHER STANDARD | 


Well constructed, efficic 


nt Bench Oven 
with Large Work Space. Especially adapt- 
able to production line work on large 
ynits that require heat proce 
space 36” x 36” x 36 

range to 350 Ff. 1250 CFM forced air 


aa tit lame i tile Me ha -1ii- 1 >) ee lal see all 


ssing. Work 


aie MODELS - TO 
Teas 


1$121.50 ANO uP | 


changes to suit needs. No engineering 


charges. Write for bulletin 2-157 a 
, = | 
-—__| 
Tinie ——EEE — 


GRIEVE -HENDRY CO. 


1331 N. Elston Ave., Chicago 22, III. 


Specialists in Heat Process Equipment 
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Pt : 
INDUSTRIAL 
QUALITY 
TRS DTA 


MULTI-MILLION CYCLE 
PERFORMANCE! 


The DECCO 01 and 02 series, miniature sole- 
noids have the same quality and performance 
standards as the well known standard size 
DECCO solenoids. 


From silicon steel laminations to new, thirty- 
second coil replacement feature they incorpo- 
rate the best in quality and engineering. 


If you have a miniature solenoid application, 
the DECCO “0” series is the answer. Write for 
bulletin #581 for complete details. 


MINIATURE 
AGASTAT’ 


time /delay/relay 


MEASURES ONLY 
Axl xl’ 


The Miniature Agastat time delay relay is a space-saving 
answer to aircraft, missile and computer problems. You get 
all these valuable features in one small package: 


Easily adjusted timing ranges as short as .030 seconds. 
Repeat accuracy of + 5%. 


For DC or AC operation. 


* 
« 
@ Time delay on energizing or de-energizing. 
+ 
@ Hermetically sealed or dust-proof housings. 


Write today for the fuil details on the new miniature 
Agastat. Dept. A36-1121. 


AGA ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Newark Avenue, Elizabeth, N. J. 


Gasaccumulator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 
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LATION, INC, 


New York 17, N. 4 





NEW MINIATURE SNAPAC SWITCH 


Cut space requirements 50% and manufacturing costs 
33% with CC’s rugged new 760 switch. Available in 
SPDT types with pin plunger, lever action or bushing 
mount, they give superior reliability . . . in space no bigger 
than a wink. 


50% smaller— costs 33% less 


Get full details on CC's entire line of regular and minia- 
ture switches. They’re all available at local authorized 
distributors. 


Catalog Total | Movement Operating | Available 
number Type travel | differential pressure circuits 
P 132 
760-101-2 Pin | 13 oz. max SPDT 
plunger 10x. ‘ 0 oz. min 
is 
action , 1 
mount max 


CONTROLS OF AMERICA 


9551 Soreng Avenue, Schiller Park, Illinois 
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YOU name it... 
PHOTOMATION can do it! 
. &. : Miniature “ELECTRIC-EYES” 


ELECTRICAL. 


High Efficiency 
PORCELAIN Low Maintenance 


Produced to meet your 


individual requirements 


Let us have your problems of registration, monitoring, sort- 
ing, merging and quality control. 
A strategic network of outside field engineers is available 
for recommendations and quotes on your particular produc- 
i 4 tion problem. In some cases delivery can be made from 
, on-hand stock. 


Write for descriptive materiai—or—send us a sample of 
the product for laboratory testing. 


Send Your Drawings and Specifications to: © Serving Industry for Over a Quarter Century 


AKRON PORCELAIN CO. MTT NT OM ssczes 


INSTRUMENTS 
2725 CORY AVE., AKRON 14, OHIO 


and 
CONTROLS 
for INDUSTRY 


UTH WASHINGTON AVE., BERGENFIELD, NEW JERSEY 
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We Can Make Alumina Ceramic Parts in 
Sizes from Micromodules to Nose Cones 


You are looking at the largest 
high alumina Isostatically formed 
ceramic part in the world. It is 
125s” outside diameter at the base 
and stands 40” high. This nose cone 
is the result of Coors research and 
development work. 

In my right hand you can just see 
one of the tiny micromodule wafers 
(.310” square x .010” thick) from 
our current production. Coors is 
producing wafers of this type to 
different designs in constantly in- 
creasing quantities. We also supply 
these wafers with metalized and 


plated patterns as required. 

Coors employs many different 
ceramic forming techniques — in- 
cluding the unique Isostatic Proc- 
ess, dry pressing, extrusion, casting, 
jiggering and ram pressing. Thus, 
depending upon the type of part 
that must be formed, we select the 
manufacturing process best suited 
to make it most economically. 

If you need high strength alum- 
ina ceramic parts—large, miniature 
or in between, get in touch with us 
here in Golden or call the Coors 
regional sales manager nearest you. 
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REGIONAL SALES MANAGERS 
West Coast seveeseeeee William §. Smith, Jr. 
EM 6-8129—Redwood City, Calif. 
OTIC sasisceesissiistsniclsinipatlianiialiiaa John E. Marozeck 
FR 2-7100—Chicago, III. 
piehinitiilial Donald Dobbins 
GL 4-9638—Canton, Ohio 
vecceiihicteiiaiiileamaail John J. McManus 
MA 7-3996—Brooklyn, N. Y. 
ee Warren G. McDonald 
FR 4-0663—Schenectady, N. Y. 
Kenneth R. Lundy 
DA 7-5716—Dallas, Texas 
William H. Ramsey 
UN 4-6369— Houston, Texas 


re 6re/YA 


COORS PORCELAIN 
COMPANY 


600 Ninth Street, Golden, Colorado 


CeREE .0r20000000 
East Coast....... 
New England 
SOULKWESE.....00s000000 


Southwest 





All the math you need 
to design and analyze 


SERVO SYSTEMS! 


Here is your chance to catch up with the basic mathe- 
matical principles that underlie the design of servo- 
mechanisms and closed-loop systems. 


If you need a complete, but concise, explanation of the 
principles involved in the application to servo design of 
such techniques as Laplace transforms, transfer func- 
tions, Nyquist plots, Bode diagrams and root-locus 
analysis, they are all contained in Ira Ritow’s 6-article 


series on 


Single copy 


$3 


5 or more 


$2... 


Postage Prepaid 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—featured in ELEC- 
TRICAL MANUFACTURING April through 
September—has been acclaimed an outstanding 
contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process con- 
trol and modern appliances. 

To meet the continuing demand for reprints, 
the entire series has been combined in a 64-page 
case-bound reference manual. All articles are 
presented in complete form. The book includes 
a pertinent bibliography, an interpretive intro- 
duction by Staff Editor John Riggs, and Control 
System Representations, a two-page chart (from 
the December 1959 issue of ELECTRICAL 
MANUFACTURING) showing seven basic con- 
trol-system element classifications and their 
various common representations. 

Order your personal copy now. Better yet, 
take advantage of the cost-saving quantity dis- 
count and combine orders for your associates. 


ORDER FORM 


ELECTRICAL MANUFACTURING 
205 East 42 St., New York 17, N.Y. 


Please send me____copies of the 64-page bound reprint of the 
Ira Ritow series on AUTOMATIC CONTROL SYSTEM DESIGN. 


I enclose remittance (() Check; (1 Cash) in amount of $_ 


NAME 
COMPANY 
ADDRESS 


TITLE 





Here’s a quick run-down 
on the Ritow series... 


PART 1—Defines complex numbers 
and explains their algebraic manipu- 
lation. Also discusses the functions 
of complex variables, their integra- 
tion and differentiation, as well as 
the principles of residues in the study 
of analytic functions. 


PART 2—Here the author deals with 
a mathematical technique much used 
in the design of control systems; i.e., 
Laplace transformations. The article 
tells how the Laplace transform is 
used to solve a differential equatien. 
Impulse functions and the Z trans- 
form are also reviewed with exam- 
ples of their use. 


PART 3—Having established the 
underlying mathematical principles, 
the author takes up here the fre- 
quency response and transfer func- 
tions of various devices and compon- 
ents used in servo systems. Pertinent 
examples discussed are the transfer 
functions of a pressure transducer, 
a tachometer generator and similar 
devices. 


PART 4—How the transfer function 
of a system is used in determining 
stability and response is the topic of 
this fourth part. Discussed here 
also are system analysis using the 
Nyquist criterion and the Bode dia- 
gram, together with examples of how 
system performance might be im- 
proved by specific design changes. 


PART 5—Here the author takes up 
the system equation (which relates 
output to input directly) and shows 
how this method is used to determine 
stability and performance. Various 
means (including Lin’s method) of 
solving the system equation are given. 
Also discussed here are Routh’s cri- 
terion for stability and the effect of 
transient response and error con- 
stants. 


PART 6—A description, with perti- 
nent examples, of the use of the 
root-locus method of system per- 
formance analysis. More sophisti- 
cated than other methods, the root- 
locus is also the fastest because of 
its use of graphical approximations 
in predicting transient response. 


ELECTRICAL MANUFACTURING 





20 TO 200 D.P. 


SEND YOUR PRINTS FOR QUOTATION 


ww OfRAINGER.INC. 
Specialists in 
ELECTRIC MOTORS 


4000 Items in Stock 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 


ELECTRIC MOTORS 


ALEC a 
aa 
RU Tak) 
EXHAUST FANS 
AIR CIRCULATORS 
HEATING EQUIPT. 


SPURS e HELICALS e WORM AND WORM GEARS 


STRAIGHT BEVELS e LEAD SCREWS e RATCHETS 
CLUSTER GEARS @® RACKS @ INTERNALS @® ODD SHAPES 


THE Yoecse” Sy IN GEARS 
1035 PARMELE ST. 


Circle 375 on Inquiry Card 


Electronically stops, starts, reverses! 
Controls variable motor speeds! 


AM aah ds melt 
ELECTRONIC CONTROLLER 


with Separate Control Station Component 
and Matching %% h. p. Motor 


Controller, in steel cabinet 14” wide 
x 16” high x 6” deep, is hot when 
outside switch is on. It operates a %4 
h.p. shunt wound motor on 220-230 
volts, 50-60 cycles single phase. 


Control Station Component 
has three simple controls for 
coarse or fine settings. Hous- 
ed in a 2”x 2”x 9” steel box, 
the control station is con- 
nected to controller with a 
10-foot 10-conductor vinyl 
jacketed cable. C-60 CONTROLLER and 


Motor is 34 h.p. at 2400 rpm with CONTROL STATION 
full torque from 300 rpm, ball bear- f.0.b, $240 
ing shunt wound with interpole, on Las Vegas, Nev. 

frame J66-type DM by Master Elec- % H. P. MOTOR 


tric Co. A 7-foot 4-conductor vinyl 
jacketed cable comes with motor. f.0.b. $1] 
Motor and controller are operated | Las Vegas, Nev. 
from the control station. 

Longer motor and controller cables supplied on order. 
co o P 
sone, &9 GERALD K. HELLER CO. 
1819 Industrial Road, Las Vegas, Nevada 
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ROCKFORD, ILLINOIS 





at Set 


buyers. 


letterhead. No consumer requests hon- 
ored. O.E.M. prices available for quantity 


188 PAGE CATALOG and buying 


guide. 


Includes detailed descriptions 


on over 4000 items. Lots of technical 
and application data. Request your 


free copy. 


ALABAMA 

BIRMINGHAM 4e 701-6th Ave. N. 
ARIZONA 

PHOENIX e 1022 N. 21st Ave, 
ARKANSAS 

LITTLE ROCK e 1805 Scott St. 
CALIFORNIA 

LOS ANGELES 33¢ 1401 E. 3rd St. 

OAKLAND 72200 Adeline St 

SAN DIEGO 10144 W. Market St. 

SAN FRANCISCO 10¢519 Potrero Ave. 
COLORADO 

DENVER 5¢ 2520 Larimer St. 
CONNECTICUT 

HARTFORD @ (After May 1960) 
DISTRICT OF COL. 

WASHINGTON 18¢ 1860 Adams, N.E. 
FLORIDA 

JACKSONVILLE 6035 W. 12th St. 

MIAMI 37 ¢ 2727 N.W. 2nd Ave. 

TAMPA e 1509 Cypress St. 
GEORGIA 

ATLANTA 16¢ 1046 Memorial Dr., S.E. 
ILLINOIS 

CHICAGO 12¢ 2330 W. Adams St. 

MELROSE PK. 1660 N. Mannheim Rd, 
INDIANA 

INDIANAPOLIS 2¢1714 E. Riverside 

SOUTH BEND 18¢1133 So. Main St. 
IOWA 

DAVENPORT e 1215 E. River St 

DES MOINES 14¢66 Washington Ave. 
KANSAS 

WICHITA §¢1201 N. Mosley St. 
KENTUCKY 

LOUISVILLE 3¢120 S, 12th St. 
LOUISIANA 

NEW ORLEANS 25¢ 4513 Eve St. 

SHREVEPORT ¢ 2031 Texas Ave. 
MARYLAND 

BALTIMORE 30¢800 S. Hanover St. 
MASSACHUSETTS 

BOSTON 2584 Lincoln St. 
MICHIGAN 

DETROIT 301701 E. Mc Nichols Rd 


GRAND RAPIDS 3545 Grandville S.W. 


MINNESOTA 
MINNEAPOLIS 4¢1818-4th St. S. 
MISSOURI 
KANSAS CITY 8¢ 1629 Broadway 
ST. LOUIS 3¢ 2110 Pine St. 


NEBRASKA 
OMAHA 2¢ 1516 Webster St. 
NEW JERSEY 
NEWARK 2¢ 355 Mulberry St. 
NEW YORK 
ALBANY 6¢ 20 Colvin Ave. 
BUFFALO 46105 Ash St. 
NEW YORK 13¢533 Canal St. 
SYRACUSE 6¢ Tarbell Rd. 
NORTH CAROLINA 
CHARLOTTE 3¢ 1216 S. Mint St. 
OHIO 
CINCINNATI 62400 May St. 
CLEVELAND 14¢ 2150 Hamilton Ave. 
COLUMBUS 15400 E. Livingston Ave. 
DAYTON 2¢222 Washington St. 
TOLEDO 2¢520 Southard St. 
YOUNGSTOWN 2¢ 16 Pyatt St. 
OKLAHOMA 
OKLAHOMA CITY 20316 E. Grand Ave. 
OREGON 
PORTLAND 17¢ 2410 N. Mississippi 
PENNSYLVANIA 
ALLENTOWN e 723 E. Green St. 
PHILADELPHIA 403215 Spring Garden 
PITTSBURGH 13812 Penn Ave. 
RHODE ISLAND 
PROVIDENCE 5236 Georgia Ave. 
TENNESSEE 
KNOXVILLE 17 ©3528 Broadway N.E. 
MEMPHIS 3¢ 339 So. Front St 
NASHVILLE 4¢210-17th Ave. N. 
TEXAS 
DALLAS 10¢ 2425 Ferris St. 
EL PASO 1100 E. Missouri St. 
FT. WORTH 301119 W. 5th St. 
HOUSTON 141409 St. Emanuel St 
SAN ANTONIO 2¢606 E. Crockett St. 


UTAH 

SALT LAKE CITY 16¢527 No. 3rd W. 
VIRGINIA 

NORFOLK 80835 W. 44th St. 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 4¢1001-9th Ave. S. 

SPOKANE 1¢W. 22 Main Ave. 
WEST VIRGINIA 

CHARLESTON e 1037 Central Ave. 
WISCONSIN 

MILWAUKEE 4¢ 136 E. Walker St. 


W.W.CJRAINGER,INC. 


Dept. 119-A GENERAL OFFICES, CHICAGO 12 
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COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Batteries—242e 

Capacitors—191, 238e, 255, 298, 304, 304e 

Clutches—190e 

Contact devices 
Brushes and brush holders—207 
Commutators—312, 322e 
Contacts and contact points—61, 223, 

290 

Control systems—1l6, 23, 42, 246e, 250e, 
279, 304e 

Counters—234 


Electron tubes 
Phototubes—346 
Receiving—242e, 320e 
Special—332 


Fans and blowers—14, 189, 276e, 314e, 337 
Filters—280e 

Heating elements—254e 

Inductors—180e 


Lights, indicator—186e, 208, 209, 235, 252e, 
290e, 300e, 325, 340 


Magnetic amplifiers—112e, 214, 302e 
Magnetic components 

Bobbins and core boxes—258c, 266, 300 

Coils and windings—248 

Cores—75, 203, 278 

Permanent magnets—17, 40, 200, 317 
Meters, panel—264e, 290e 


Microwave devices—13, 320e 


Potentiometers—260e, 290e, 310e 
Protective devices 
Circuit breakers—35, 240e, 270e 
Fuses—53, 240e 
Thermal—74, 234, 288e 


Relays 

General purpose—38, 55, 69, 77, 
316e, 324 

Industrial—204 

Mercury—252, 258e 

Special—59, 187, 246e, 248e, 289, 300e, 
302, 308e, 312e 

Time delay—252, 262, 278e, 344 


Resistors—69, 243, 256e, 286e, 287, 292e, 315 


Seats and terminals, hermetic—232, 297e, 312 
Semiconductor devices 
Controlled rectifiers—\88e, 250e, 258e 
Rectifiers and diodes—tinside front cover, 
51, 69, 201, 210, 241, 246e, 250e, 262e, 
298e, 299 


350 


Thermistors—256e, 312e 

Transistors—31, 90, 166e, 245e, 246e, 260ce, 
272e 

Varistors—256e 


Servo components—195, 238e, 246e, 308e, 
318e, 337, 344 

Solenoids—185, 289, 344 

Switches 
Controllers and contactors—214, 221, 240ce, 

266e, 284, 287, 302e, 337 

Limit—36, 208, 237, 297e, 298e 
Pressure—240e 
Pushbutton—28, 208, 258e, 275 
Rotary—186e, 234, 249, 264e 
Slide—280 
Snap action—79, 208, 209, 292e, 319, 346 
Stepping—249 
Thermal—Back cover, 248e 
Toggle—209, 275 

Timers—193, 325, 354 


Transducers 
Accelerometers—274e, 324e 
Linear displacement—70 
Thermocouples—242 
Thermostats—254e, 298e 
Special—328e 
Transformers 
Electronic—69, 245e, 266e, 286e 
Valves, solenoid—253, 270e, 294e 
Wire and cable—106e, 212 
Magnet—49, 257, 261, 265, 285, 272, 276 
Resistance—272e 
Ribbon cable—284e 


Wiring devices 
Cable clamps and clips—319 
Connectors—62, 238e, 245e, 258e, 301 
352 
Cord sets—284e, 353 
Terminals—208, 229, 250, 276e, 322e, 340, 
342 


Terminal blocks—Inside back cover, 66, 
292 


COMPONENTS, 
MECHANICAL/STRUCTURAL 
Bearings—1, 80, 215, 219, 242e, 256e, 260c, 
271, 342 
Counters—194, 262e 
Couplings—278, 328e 
Fasteners 
Bolts and nuts—222, 238e, 247, 248e, 
297, 338 
Pins—87 


Electrical Manufacturing ------------------------------—" 


PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter “e’ with page number indicates editorial mention. 


-<---4 
FF 


Rivets—288 
Screws—211, 238e, 266, 297, 303, 338 
Gears—322, 349 
Governors—326e 
Housings and enclosures—220, 250e, 258¢, 
259, 286e, 288e, 308 
Knobs, handles—238e, 250, 260c, 294e, 318e 
Mounting hardware—238e, 258e, 260e, 320e 
Pulleys—246 
Rings, retainer—313 
Valves, thermal—240e 


COMPUTERS AND COMPUT- 
ING COMPONENTS 


39, 242e, 245e, 250e, 252e, 310e, 312e, 314e, 
316e, 320e, 33le 


DRAFTING MATERIALS AND 
EQUIPMENT 


Instruments—341 


Reproduction machines—327 


DRIVES 
Electrical—16, 19, 184e 


Mechanical 
Variable speed—242e, 245, 246 


INSTRUMENTS AND TEST 
EQUIPMENT 

Amplifiers—272e 

Calculators—256, 33le 

Environmental chambers—248e, 254e 
Generators, electronic—205, 248e 
Meters—56, 248e, 306 
Oscilloscopes—250e, 318¢e 


Power supplies—183, 199, 240e, 242e, 245e, 
246e, 248e, 254e, 299e, 320 


Recorders—123, 269, 283, 286c 


Special test equipment—227, 238e, 240e, 
242e, 245e, 246e, 252e, 260, 325, 33le, 
332e, 334e, 336e 


MATERIALS, 
ELECTRICAL/ELECTRONIC 
Conductive materials—81, 293 
Contact materials—206, 306 


Insulation and dielectrics 
Casting resins—217, 246, 250e, 277 
Ceramics and glass—233, 340 
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Fabrics—240e, 263 

Laminates—41, 58, 85, 197, 238e, 245e, 
252e, 254, 262e, 283, 299e, 331, 334 

Mica—321, 333, 338 

Molding compounds—18, 63, 213, 217, 
238e, 324e 

Paper—2, 252e 

Tape—86, 270e, 274e, 293, 309, 351 

Tubing—25, 50, 238e, 239, 293, 322e, 331 

Varnishes—305 

Wedges, slot—2 

Magnetic materials 
Electrical steel—254e, 273 


Solder and flux—294 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—260e, 
294e 


Metals 
Alloys, general—27, 57, 281 
Aluminum—286, 343 
Copper, brass, bronze—%7e, 281, 286, 293 
Nickel and Ni-alloys—276 
Steel—71, 238e 


Metal forms 
Clad metals—54 
Thermostatic bimetal—335 
Tape—276 
Tubing—306 


Non-metallic materials 
Elastomers—15 


Protective coatings 
Chemical—32, 270, 292e 
Electrodeposited—307 


MOTORS AND GENERATORS 
Fractional-hp motors—73, 204, 226, 240e, 

242e, 296, 300, 311, 337 
Gearmotors—55, 242e, 246, 326e 
Generators—338 


Integral-hp motors—73, 204, 242e, 267, 291, 
284e, 300, 311, 337 


Special—63, 230, 231, 264, 278e, 280e, 314, 
324e 


PRODUCTION EQUIPMENT, 
TOOLS 

Lacing tape—270 

Layout fluid—338 

Pliers—84 


Processing equipment—240e, 245, 288, 307, 
316, 344 


Wiring machines—218, 319 


SERVICES 

Coil winding—340 

Data processing—39 

Metal fabrication—45, 83, 251, 266 


Misc. fabrication—46, 83, 292, 310, 316 
328, 340 


Plastics fabrication—24,, 83, 85, 334, 347 
Transportation—47, 65 
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Recommended for 
Electrical and 

Electronic Equip- 
ment Operating at 


High Temperatures 


TEMP -R- TAPE’ GV 


CHR’S pressure-sensitive, thermal curing Fiberglas tape 
meets MIL-1-19166 and Class H requirements .. . 


Temp-R-Tape GV is made of .007” Fiberglas backing with a silicone polymer ad- 
hesive. This easy to apply, thermal curing tape adheres well to most materials, includ- 
ing Teflon* at temperatures ranging from —100°F. to 500°F. It possesses high 
dielectric strength, excellent moisture resistance and non-corrosiveness properties, Eco. 
nomically priced, Temp-R-Tape GV is specifically recommended for construction and 
repair of electrical and electronic equipment operating at high temperatures. 
AVAILABLE FROM STOCK: ¥2” to 2” widths, 36 yd. rolls. Special roll widths to 
order. Color, natural. Sold nationally through distributors. 


FREE SAMPLE and folder — write, phone or use inquiry service. 
ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


(@iiii} CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 
Circle 381 on Inquiry Card 


WILL FEEDBACK 


figure in your future? 


Here is your chance to catch up with the latest 
mathematical techniques for analyzing servo- 
mechanisms and closed-loop systems. 


For convenient home study and on-the-job 
reference, you’ll want a personal reprint copy 
of Ira Ritow’s authoritative 6-article series on 


AUTOMATIC CONTROL 
SYSTEM DESIGN 


This latest Ritow series—which was featured 
in ELECTRICAL MANUFACTURING, April through 
September—has been acclaimed as an outstand- 
ing contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process con- 
trol, appliances. 


See page 228 for order form. 





NYLON TIP JACK 
Available in all 


NYLON BANANA 
PLUG 
Arugged, high voltage 
insulated plug for a 
wide variety of ap- 

plications. 


NYLON BINDING 
ae ti 


npletety 


NYLON wx, 
CONNECTORS 


These rugged Johnson connectors are 
molded of tough, low-loss shockproof nylon 
—and will not chip or crack, even when 
subjected to extreme temperature changes 
or severe mechanical stress. Nylon provides 
high voltage insulation, with voltage break- 
downs up to 12,500 volts DC. Metal clad 
tip jack meets MIL specifications (full speci- 
fications available on request). All con- 
nectors are designed for fast, easy mounting 
—and are available in 13 bright colors for 
coded applications. 


OTHER 
CONNECTORS 


Johnson also 
manufactures a 
complete line of 
standard con- 
nectors. For infor- 
mation, write for 
our newest com- 
ponents catalog. 


NEW 


DUAL BANANA 
PLUG 

Solderless design, tough 
shock resistant nylon body 
retains strength and low- 
loss characteristics over a 
wide range of temperature 
ond high relative humidity 
conditions. Available in 13 
colors. 


Write today for our newest 
electronic components 
catalog — complete 
specifications, engineering 
prints and current prices on: 


LINES 


© Capacitors « Tube sockets * Connectors ¢ Pilot 
lights ¢ Insulators ¢ Knobs, Dials ¢ Inductors « 
Hardware 


E.F. JOHNSON CO. 


2308 2nd Ave. S.W. * Waseca, Minn. 
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COMPONENT 


INDEX TO ADVERTISERS 


kor informattor 


n an) 


AMP Incorporated 229, 301 


AGA Div., Elastic Stop Nut Corp. of 
America 344 


Acme-Newport Steel Co., A Sub. of Acme 
Steel Co. 


Acromag Inc. 
Adams & Westlake Co., The 


Air Express Div. of Railway 
Agency 


Express 


Akron Porcelain Co. 

Allen-Bradley Co. 

Allied Research Products, Inc. 

Allied Van Lines, Inc. 64, 
Allis Co., The Louis 42, 
Aluminum Co. of America 

American Brass Co., The 57, 


American Cyanamid Co., Plastics and 


Resins Div. 


American Platinum & Silver Div., Engel- 
hard Industries, Inc. 306, 


American Stock Gear Div., Perfection 


Gear Co. 


Amphenol-Borg Electronics Corp., 
Cable & Wire Div. 


Connector Div. 
Amplex Div., Chrysler Corp. 44, 


Amsterdam Continental Types & Graphic 
Equipment, Inc. 


Anaconda Wire & Cable Co. 
Appleton Electric Co. 

Arnold Engineering Co., The 
Artos Engineering Co. 
Associated Research, Inc. 
Astron Corp. 


Automatic Electric, Sub. of General Tele- 
phone & Electronics 


Automatic Switch Co, 


B & K_ Instruments, Inc. 


Baker Contact Div., Engelhard Industries 
Inc. ; 306, 2 


Barber-Colman Co. 230, 
Beaver Gear Works Inc. 

Belden Manufacturing Co. 

Bell Telephone Laboratories 
Bentley-Harris Manufacturing Co. 
Biwax Corp. 


Borden Chemical Co., The, 
Dept. 


Resinite 


Bowmar Instrument Corp. 194, 195 
Bridgeport Brass Co. 281 


Brush Instruments, Div. of Clevite 

Corp. 33, 34 
Buffalo Forge Co. 14 
Burndy, Omaton Div. Inside Back Cover 


Business Publications Audit of 
Circulation, Inc. 345 


Bussmann Mfg. Div., McGraw-Edison 
Co. 52, 53 


Carpenter Steel Co., The. 26, 


Centralab, The Electronics Div. of Globe- 
Union Inc. 


Century Electric Co. 
Chemical Corp., The 


t f the products or ser 
Keader Inquiry Service postcards at end 


s advertised in this issue, use the convenient 


€ 
of book—or write directly to advertiser. 


Chemical Div., Engelhard Industries, 
Inc. 


Chicago Molded Products Corp. 
Christie Electric Corp. 

Clapp & Poliak, Inc. 

Clare & Co., C. P. 

Cleveland Tool and Die Co. 
Comar Electric Co. 

Connecticut Hard Rubber Co. 


Continental-Diamond Fibre, A Sub. of 
The Budd Co. 


Controls Co. of America 
Control Switch Div. 208, 


Coors Porcelain Co. 
Corning Glass Works 
Cosmo Plastics Co. 
Coto-Coil Co., Inc. 


Cutler-Hammer Inc. 


Dakota Engineering, Inc. 
Dano Electric Co., The 


Daystrom, Incorporated 
Transicoil Div. 


Weston Instruments Div. 
Design Engineering Show 
Detroit Coil Co. 
Dialight Corp. 
Driver Co., Wilbur B. ; 232 
Du Mont Laboratories, Inc., Allen B. 
Durakool, Inc. 214 


Durez Plastics Div., Hooker Chemical 
Corp. Lwaee 63 
Dykem Co., The 338 


Dynacor, Inc., 


A Sub. of Sprague Elec- 
tric Co. 2 


ETC Incorporated 


Eaton Manufacturing Co., Dynamatic 
iv. 5 ; 


Elastic Stop Nut Corp. of America 
Elco Tool and Screw Corp. 
Electric Terminal Corp. 

Electroid Corp. 

Electrons, Inc. 


Elgin National Watch Co., Electronics 
iv. . 


Engelhard Industries, Inc., American Plat- 
inum & Silver Div., Baker Contact 
Div., Chemical Div., Instruments and 
Systems Div. 306, 

Enjay Co., Inc. 


Essex Wire Corp., 
Magnet Wire Div. 


RBM Controls Div. 


Fansteel Metallurgical Corp. 


Friden, Inc. 


General Electric Co., 
Apparatus Sales Div. 88, 
89, 221, 224, 225, 226, 287, 295, 296 


Laminated Products Dept. stig 41 
Magnetic Materials Section - iF 
General Industries Co., The y 314 
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For information on any of the products or services advertised in this issue, use the convenient 
Reader Inquiry Service postcards at end of book—or write directly to advertiser. 





General_ Instrument Corp., Semiconduc- 
tor Div. 


Globe Industries, Inc. 

Grainger Inc., W. W. 

Gries Reproducer Corp. 
Grieve-Hendry Co. 

Guardian Electric Manufacturing Co. 
Gudebrod Bros, Silk Co., Inc. 


Hagen Manufacturing Co., A Div. 
The Gamewell Co. 


Handy & Harman 

Hansen Manufacturing Co., Inc. 
Harper Co., The H. M. 

Hart Manufacturing Co., The 
Haydon Co., The A. W. 
Heinemann Electric Co. 

Heller Co., Gerald K. 

Hermetic Seal Corp. 
Hewlett-Packard Co. 


er Chemical Corp. Durez Plastics 
Iv. 


Hoover Ball and Bearing Co. 


Hughes Aircraft Co., Semiconductor Div. 


Indiana Steel Products Div. of Indiana 
General Corp. 


Industrial Timer Corp. 


Instruments and Systems Div., Engelhard 
Industries, Inc. 306, 


Instrument Specialties Co., Inc. 
Insulation Manufacturers Corp. 


International Business Machines Corp. 


Johns-Manville 
Johnson Co., E. F. 


Jones & Laughlin Steel Corp., Stainless 
and Strip Div. 


Jones Div., Howard B., Cinch Manufac- 


turing Co., Div. of United-Carr Fast- 
ener Corp. ; 


Kanthal Corp., The 

Kato Engineering Co. 

Kearfott Div., General Precision Inc. 
Kepco Inc. 

Keuffel & Esser Co. 

Kester Solder Co. 

Keystone Manufacturing Co. 

Kirk & Blum Manufacturing Co., The 
Klein & Sons, Mathias 

Krueger & Hudepohl, Inc. 


Ledex, Inc. 
Lepel High Frequency Laboratories, Inc. 
Line Electric Co. 


Lovejoy Flexible Coupling Co. 


McGill Manufacturing Co., Inc., Elec- 


trical Div. ace 
Macallen Co., Inc., The 
Magnetic Amplifiers Inc. 
Magnetic Metals Co. 
Magnetics, Inc. 


Makray Manufacturing Co. 
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Malco Manufacturing Co. 


Mallory Capacitor Co., a div. of P. R. 
Mallory & Co., Inc. 


Mallory Metallurgical Co., A _ div. of 
P. R. Mallory & Co., Inc. 60, 61 


Mansfield Brass & Aluminum Corp. .. 251 
Mica Industry Association, Inc. . ace 
Micro Switch, A div. of Honeywell ...78, 75 


Midwest Molding and Manufacturing 
Co, ; ; 312 


Milford Rivet & Machine Co., The .. 288 
Miller Co., The, Rolling Mill Div. 290 


Minneapolis-Honeywell Regulator Co., 
Heiland Div. 268, 269 


Rubicon Instruments 5S auihe a 260 


Minnesota Mining and Manufacturing Co., 
Electrical Products Div. van 


86 
Irvington Div. 

Motoresearch Co. 

Mycalex Corp. of America 


Mystik Adhesive Products, Inc. 


National Acme Co., The 36, 
National Lock Co., Fastener Div. 
National Vulcanized Fibre Co. . 330, 
Natvar Corp. . 5 ; 


Naugatuck Chemical Div. of United 
States Rubber Co. ; a ~ Ba 


New Departure Div., General Motors 
Corp. oe ra . 


New Hampshire Ball Bearings, Inc. 
New Jersey Wood Finishing Co. 
Nice Ball Bearing Co. - 
Nippert Electric Products Co., The 
North Electric Co., Electronetics Div. 
Northern Plastics Corp. 


Ohmite Manufacturing Co. San «ee 


Ozalid, Div. of General Aniline & Film 
Corp. ‘ ; ‘ eves 


PIC Design Corp., Sub. 
Co., Inc. ‘ 


Palnut Co., The, Div. 
Fastener Corp. 


Parker-Kalon Div., General American 
Transportation Corp. a ico 


Permacel 


Phelps Dodge Copper Products Corp. 
Inca Manufacturing Div. .. 48, 


Phillips Control Corp., A Sub. of Allied 
Paper Corp. os 


Photomation Inc. 
Plastic Capacitors, Inc. 


Porter Co., Inc., H. K. 
Riverside-Alloy Metal Div. 


Thermoid Div. 


Potter & Brumfield, Inc., Div. of Ameri- 
can Machine & Foundry Co. 


Rajah Co., The 

Reliance Electric and Engineering Co. 72, 
Richardson Co., The 

Robbins & Myers, Inc. 


Roebling’s Sons Div., John A., The Col- 
orado Fuel and Iron Corp. 








ROYAL 


“POWRIZED” 
CORDS in 
PLASTIC 


Big or small 

Complex or simple 
Stock molds or special 
Black or colors 


No matter what your power supply 
cord requirements, Royal’s engineering 
and production facilities are ready to 
solve them... with experimental molds, 
sample runs, and full production quan- 
tities to meet assembly schedules. Write 
for details. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET + RHODE ISLAND 


in California: 
Electric Cords & Supply Corp., 
413 E. 3rd St., Los Angeles 13 


in Canada: 
Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 


RO 
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Who needs feedback? tne 


patented chronometric governor of this 
standard DC Timing Motor is a tyrant. 
Without any other circuitry, it holds the 
motor output speed within + 0.1% while 
driving charts, cams, contacts, actuators 
or other devices. It holds the rate even 
if output shaft load, line voltage, or 
ambient temperatures change. And that’s 
just the standard model of this little gem. 
Custom variations can do even better, un- 
der special conditions. The A. W. Haydon 
Co. knows all about timers and timing. 
If you have a specific timing problem, 
you ought at least to have our literature. 
Bulletin MO 802 is yours for the asking. 
(On 5800 Series chronometri- 
cally governed \ DC Motors) 


5800 Series 
DC Motor with 
chronometric 

governor 


NAYDON 


COMPANY 


234 North Eim Street, Waterbury 20, Connecticut 
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Rogan Brothers 
Rostone Corp. 


Royal Electric Corp., An Associate of 
ITT 353 


SKF Industries, Inc 

Sanborn Co., Industrial Div 

Sangamo Electric Co 

Sarkes Tarzian, Inc., Semiconductor Div. 210 
Shakeproof Div. of Illinois Tool Works 8 


Shell Chemical Corp., Plastics and Resins 
: _— 
iv. 


Signalite Incorporated 325 
Silicones Div., Union Carbide Corp. 305 
Smith Corp., A. O. 204, 267, 300 
Sorensen & Co., A Sub. of Raytheon Co, 227 
Spectrol Electronics Corp. 234 
Speer Carbon Co. 316 
Sprague Electric Co 90, 272 
Square D Co. 66 
Stackpole Carbon Co 200, 280 
Stalwart Rubber Co. 328 
Star Porcelain Co. 340 
Stevens Manufacturing Co., Inc. Back Cover 


Scromberg-Carlson, A Div. of General 
Dynamics 302 


Sctruthers-Dunn, Inc 284 
Sylvania Electric Products Inc. 82, 83 


Synthane Corp. 85 
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ELECTRICAL MANUFACTURING 





Snap-in spring-loaded 
contacts for quick- 
disconnect or perma- 
nent connection. 
Modules—2 or 4 tier 
—snap together or 
apart for extreme 
flexibility. Contacts 
are solderless crimp- 
type. Up to 30 
modules per foot 

of track. 


MODULOK 


TERMINAL BLOCKS 


with solderless contacts and interchangeable modules 


COAX 
UTE Rt 


Same flexibility as 
regular MODULOK. 
Completely crimped 
contacts. Snap-in to 
insert. Press spring- 
loaded latch to 
release. Up to 30 
modules (90 coax 
connections) per 
foot of track. 


OMATON DIVISION BURNDY NORWALK. CONNECT.; IN EUROPE: ANTWERP, BELGIUM; TORONTO, CANADA 


Circle 102 on Inquiry Card 





Other appliances, too, such as skillets, saucepans, grid- 
dies, inhalers, air heaters, fans, steam and flat irons, 
roasters, fry kettles, refrigerators, butter warmers, 
waffle irons, electronic and avionic applications. 


Type B top; Type A center; Type S bottom. Other designs available 


IT’S STEMCO THERMOSTATS 


No wonder leading manufacturers of automatic coffee 
makers specify Stemco thermostats. For Stemco ther- 
mostats give long-life reliability that eliminates service 
headaches... are quickly, easily installed . . . are com- 
petitively priced. Our application engineering service is 
eager to help you solve your thermostatic control problem, 
whether it involves design, production or cost. Try us now. 


AA-9437 


Been manufacturing company, inc. 


P. O. Box 1007, Mansfield, Ohio 


THERMQSIATS 





